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1. HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

Neutron spectroscopy involves considerable manipulation of
the data to unfold the spectra obtained from the several proportional
counters which are used to co.ar different energy ranges. To
facilitate the use of the portable spectrometer under development for
health physics applications the use of microprocessors is being
examined.

The SPEC4 unfolding code for the proportional counters is
being modified for use on the Z-80 microcomputer and arrangements are
being developed so that spectrometer data may also be processed on the
central computer.

The processing parameters for electrochemical etching of
fission fragment damage tracks are being examined to find the best
arrangements to distinguish against spurious tracks caused by the
d-activity of Che 5% Np in Au irradiator which is the source of the
neutron induced fission fragments.

The laboratory prototype of the improved TLD reader
(AEP-5256B) has been put into routine service at CRNL and the building
of an engineering prototype for WNRE is continuing. Samples of a new
type of controlling thermocouple are being tested and the operation of
the reader has been modified to extend the heating time of the
dosimeters by 1.5s to ensure complete read-out. With this changed the
standard deviation for sensitized dosimeters is 1.3 mrad (13 UGy) for
the whole body dosimeter and 2.0 mrad (20 PGy) for the body surface
dosimeter.

A second reading of a TLD at a higher temperature reduces the
residual reading and also permits a second, albeit approximate,
estimate of the dose which had been received. Such a verification is
possibly useful in the event of large accidental exposures. A second
reading has been found to indicate exposures greater than 1R and at 10R
with sensitized dosimeters the relative standard deviation is 22%. The
damaging effects of excessive heating have been examined and ten such
readings have been found to reduce sensitivity by several percent.
Thus the procedure is acceptable for occasional use when high doses
have been received.

The naflon-based HT/HT0-in-air monitor has been transferred
to an operating group for field testing after completing three months
of laboratory tests. Work has been completed on the electronics for
tritium-in-water monitor for the U-2 loop. This monitor uses an
assembly of parallel plates of plastic scintdilator for tritium
detection. Ion chamber type tritium detectors are being developed for
use in glove boxes for Chemical Engineering Branch. Further
applications are anticipated in the tritium removal plant.

Work on the design of a wide range gaseous effluent monitor
for the CRNL reactors is continuing with studies of the energy
dependence of GM counters to be used in the noble gas monitor and with
an investigation of high activity problems in the particulate monitor.
In the latter, serious overloading of the photomultiplier is a
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possibility and automatic adjustment of discriminator levels according
to the level of the average photomultiplier current appears advisable.

An examination has been made of improved methods for
monttoring workers as they leave contaminated areas. Existing doorway
monitors at AECL employ sensitive gamma detectors and the alternative
of using thin window, large area GM counters has been studied. In many
practical situations a monitor using this detection technique would be
superior to the existing design which cannot respond to simple beta
emitters and is also subject to interference from miscellaneous gamma
radiation backgrounds.

Environmental Research

In the area close to Twin Lake that appears most favourable
for tracer testing, the hydraulic conductivities of the sands and
sediments have been determined by permeation measurements on cores,
from iji situ injection tests and by estimation from grain size
distributions. Mean values have been in reasonable agreement. The
strata observed in adjacent boreholes appear to correlate well, at
least on the large scale; small (millimetre) scale correlations are
being examined.

In another major groundwater experiment that has continued, a
second lowering of Maskinonge Lake produced corresponding declines in
water levels in bedrock near the lake.

Facilities at Maskinonge Lake have been improved so that
clams may be cultured through the winter. The first, three-month, run
has demonstrated that an elevated water temperature (24°C) has a
detrimental effect on clam growth, unlike that of some algae which is
enhanced at this temperature.

Several studies have concerned the influences of chemical
form, of particle size and sorptive capacity on the movement of radio-
nuclides in soil and mineral pore water. In column studies plutonium
has been shown to be associated with a wide range of sizes of
particles, most being with non-colloidal species and in the
quadrivalent form. Strontium-90 in the plume from Waste Management
Area A has been shown to be adsorbed predominantly on vermiculite and
feldspars, the former having a particularly high adsorption constant.

The studies of the energy, water and tritium budgets in Perch
Lake continue to contribute information that is needed for several
topics - estimations of evaporative transfer of tritiated water from
the lake, of groundwater input to the lake, and of vertical mixing
processes. The accumulation of data over the last 12 years is now
being interpreted and summarized for publication.

The flows of tritiated grour.dwater in the Perch Lake swamp
have been defined more accurately than before from hydraulic head
measurements. The general shape of the plume is consistent with those
estimated in 1961 and 1971 although the highest concentration observed
was almost an order of magnitude lower than the maxima in the earlier
surveys.

Specific needs in the field and laboratory experimental
program have been met with new techniques and instruments that have
broader applications. A simple modification to field column samples
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has enabled geochemically representative groundwater samples tc be
obtained. A planar screen has been designed to inject chemically
reactive tracers Into groundwater for medium-scale experiments. A new
portable gamma spectrometer is being used for contaminant plume
mapping. A laboratory method for preparing alpha sources by
coprecipitat ion of actinides with rare earth fluorides is being
tested.

The technique of measuring carbon-14 with the accelerator is
now at the stage of allowing routine analysis of 5 mg samples. The
dates estimated for archaeological and meteorite samples are believed
to be reliable now that a milder chemical treatment is being used. The
latest results have helped in choosing between possible alternative
ages for some samples and, in the case of a small human skeleton, have
helped to resolve a long-standing controversy as to its age.

Radiation Biology

Research activity in this Branch has continued to deal with
the effects of radiation upon a variety of living organisms. The
principal sensitive target for radiation, particularly at non-lethal
doses, is believed to be DNA, the genetic material. Damage to DNA in
reproductive cells may cause mutations which show up in future
generations while damage in other cells of the body may lead to cancer
in the exposed individual. It is known that most living cells have the
capacity to modify some or all of the damage to this vital cell
component. Work in the Radiation Biology Branch has dealt with both
the nature of the DNA damage and the response of cells as they attempt
to repair this injury.

Specific projects in this quarter have studied: (1) The
sensitivity to radiation of cells in tissue culture from members of a
family, many of whom suffer from leukemia. (2) The mechanism by which
oxygen free radicals and benzoyl peroxide damage DNA in human white
blood cells. (3) The effect of genetic factors on sensitivity of a
bacterial virus to ultraviolet light. (4) Analysis by high performance
liquid chromatography of naturally occurring minor bases in DNA and
changes introduced into DNA bases by carcinogens. (5) The combined
effects of radiation and hyperthermia on DNA of human white blood
cells. (6) Genetic damage in yeast cells resulting from different
kinds of free radicals. (7) Comparison of different kinds of ionizing
radiation (acute vs. chronic; X-rays, y-rays, tritium as HTO) in their
effectiveness in inducing cancer in rats. (8) The consequences of
inactivating DNA repair mechanisms in human cells by near OV light.
(9) The effects on human cells of an inhibitor of DNA synthesis.
(10) The effectiveness of neutrons, X-rays and y~rays on a genetic
end-point in yeast cells.

Biomedical Research

Dosimetry factors (Sv per Bq»d) for infants have been
calculated by extrapolating the data obtained from Oak Ridge National
Laboratories for adults to the one year old infant. These factors, and
the adult factors, are now in easily accessible indexed sequential
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files. They will be used, along with the revised metabolic models and
data files,- to produce the revised dose conversion factors that will be
In the next edition of AECL-6540. This report is expected to be
completed early in 1982.

The age dependent model for alkaline earth metabolism in man
has been incorporated into a computer program that will give optimized
model parameters (FORSIMOPT). To date, model parameters have been
adjusted to optimize the model results for total body calcium (compared
to experimental measurements) and experimental data on the age
dependence of the fractions of calcium in compact and cancellous bones
are being sought In the literature.

A mathematical model to describe the concentration of HTO in
body fluids following an inhalation exposure to HT (gas) has been
developed. This model has been used to estimate the maximum lung dose
per unit concentration of tritium in urine from HT exposures.
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1.1 PUBLICATIONS

Marko, A.M. (ed.) - AECL Research Programs in Life Sciences,
Atomic Energy of Canada Limited, Report AECL-7O7O,
1981 April.

Marko, A.M. (ed.) - Biological Effects of Ionizing Radiation,
Atomic Energy of Canada Limited, Report AECL-7164,
1981 May, revised 1981 August.

G. Cowper, J.R.A. Johnson, A.M. Marko - The New Dose
Limitation System & Dosimeter Practice at the Chalk River
Nuclear Laboratories, presented at International Symposium
on the Application of the Dose Limitation System in the
Nuclear Fuel Cycle Facilities and Other Radiation Practices,
Madrid, Spain, 1981 October 19-23.

1.2 VERBAL PRESENTATIONS

Visit of Bioscience Sub-Committee of the Technical Advisory
Committee to Atomic Energy of Canada Limited on the Nuclear
Fuel Waste Management Program - Drs. R. Haynes, G. Whitmore
and G. Sheng, CRNL, 1981 February 24.

Visit of Dr. W. Paskievici, Nuclear Energy Institute, Ecole
Polytechnique de Montreal, Quebec, 1981 March 9.

"Metabolism of Radionuclides", presentation to the Sixth
Annual Science Teachers' Seminar, CRNL, 1981 April 2-4.

Visit of Federal Conservative Members of Parliament, CRNL,
1981 April 13.

Visit of Comprehensive Audit Team, J.G. Keogh and G.G. Daw,
CRNL, 1981 May 25-26.

Visit of Comprehensive Audit Team, J.G. Keogh, H. Tidby,
G.G. Daw, P.A. Lapp, CRNL, 1981 June 22.

Visit of Dr. R. DiMenza, Italian Atomic Energy Office and
Dr. L. Neri, University of Ottawa, CRNL, 1981 July 17.

Visit of part.'cipants at 2nd Annual General Meeting of the
Canadian Radiation Protection Association (Ottawa), CRNL,
1981 May 7.

Visit of Dr. Giespen, Netherlands Nuclear Corporation, CRNL,
1981 September 18.

"Radiation Risks and Standards", presentation to Annual
Radiation Protection Course, CRNL, 1981 Sept.28-Oct. 2,
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Visit of J. Hollins, D. Lennox, E. Muller, F. Roots,
Environment Canada, CRNL, 1981 October 9.

Visit of Medical Residents, University of Ottawa, CRNL,
1981 December 3-4.
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2. HEALTH PHYSICS BRANCH

by

G. Cowper

2.1 Staff

2.2 Neutron Doslmetry

2.2.1 Development of Microprocessor Systems for Neutron
Doslmetry

2.2.2 Separation of Electrochemical]y Etched Fission and
Alpha Particle Tracks in Polycarbonate Detectors

2.2-3 Characterization of Neutron Field in FINS Accelerator
Room

2.2.^ Re-Examination of the Asymmetry in the D20-Moderated
2 5 2Cf Calibration Facility

2.3 Thermo!urn1nescence Dosimetry

2.3.1 Automatic TLD Reader AEP-5256B

2.3.2 Evaluation of MgBi»07:Dy TLDs

2.3.3 Evaluation of High Temperature 3ead-0ut of TLD Plaques

l.k Beta Radiation Dosimetry

2.^.1 Tables of Beta-Ray Depth-Dose Distributions

2.5 Tritium Monitoring

2.5.1 Portable Tritium Monitor, AEP-5321

2.5.2 In-Line Tritium-in-Water Monitor for the U2 Loop
Steam Generator

2.5.3 Naflon-Based HT/HTO-in-Air Monitor, AEP-5336

2.5-^ lcn Chambers for Tritium Glove Box, Building 250

2.6 Effluent Monitoring

2.6.1 Wide-Range Particuiate Monitor

2.6.2 Measurement of Radio-xenons in Exhaust Air

2.6.3 Energy Dependence of GM Counters Selected for the
Noble Gas Monitor 5ection of the NRU/NRX Stack Monitor

2.7 Beta/Gamma Radiation Monitoring

2.7.1 Measurement of Background Signal in Environmental
y-Monitors



2.7-2 Improvements to Doorway Monitors

2.8 Radiation Instrument Measurement

2.9 Radiation Record-keeping

2.10 Radiation Dose Monitoring

2.10.1 Body Radiation Doses

2.10.2 Hand Radiation Doses

2.11 Presentations and Publications
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Waterloo Student
B. Jeffrey terminated December 24, 1961.
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2.2 NEUTRON DOSIMETRY

2.2.1 Development of Microprocessor Systems for Neutron Dosimetry
P.J. Bunge, H. Ing, W.G. Cross and N.O. Freedman

A primary objective of our work with microprocessors is to
produce an efficient method for on-line spectral unfolding of
pulse-height data generated by portable neutron spectrometers.
A microcomputer system consisting of a Z-80 microprocessor,
a Cybernex video terminal, two floppy disc drives and an LA-120
printer have now been built to study the capabilities and
limitations of using microprocessors for such tasks. This
microcomputer system runs under the CP/M operating system and
can execute programs written in FORTRAN 80 or BASIC.
Preliminary tests indicate that the system is functioning
properly.

The SPEC4 unfolding code is currently being modified
for execution on the Z-80 microcomputer. Required FORTRAN
changes are being made and certain subroutines are written.
Also the code is being streamlined for more efficient
execution.

The Z-80 microcomputer is also being linked to the 8080
microcomputer (PR-HS-9) which has two cassette tape drives.
The establishment of communication between these two systems
will enable the latter to send the pulse height data,
extracted from cassette tapes generated by the neutron
spectrometer, either to the main CRNL computer via an
acoustic coupler (as is currently done) or to the Z-80
microcomputer, for spectral unfolding in either system.

2.2.2 Separation of Electrochemically Etched Fission and Alpha-
Particle Tracks in Polycarbonate Detectors
W.G. Cross, H. Ing and A. Arneja

While the primary applications of electrochemical
etching (ECE) of tracks of charged particles result from the
ability to register alpha particles and neutron recoils, there
are circumstances where the ECE technique can be applied
advantageously to fission tracks produced by neutrons. For
example, since the relative numbers of fission tracks/unit
fluence at different neutron energies depend almost entirely
on the fission cross sections, rather than on the etching
technique, relative neutron fluences can be measured with
good reproducibi1ity and accuracy. This requires very high
discrimination against alpha tracks. We have therefore
investigated suitable ECE conditions for detecting only
fission fragments in polycarbonate sheets.
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ECE was done for If. 5 hours, using 6N KOH at AO°C and a
frequency of 2 kHz. No pre-etching was used. To eliminate
alpha-particle tracks (mainly from the fissionable radiator)
it was necessary to reduce the electrical field strength to
5 kV(rms)/cm. This yielded fission tracks 100 to 150 pm
in diameter and no alpha tracks for 10 1 0 alpha particles/cm2

from a Np radiator. No change in the number of fission
tracks was observed when the ECE field strength was varied
from 5 kV/cm to 20 kV/cm. Alpha-pcrticle tracks begin to
appear at about 6.9 kV/cm and increase rapidly in number as
the field increases. For 14.5 MeV neutrons and a Np
radiator (5% Np in Au) 2 mg/cm2 thick, the measured density ,.^
of fission tracks (50-cm~2-rad~l) agreed with the calculated* '
number of fission fragments/cm2 escaping from the radiator.
Track density varied linearly with dose up to the largest
dose used (20 rad (0.2 Gy)).

2.2.3 Characterization of Neutron Field in FINS Accelerator Room
H. Ing and W.G. Cross

Preliminary measurements of neutron spectra with an
NE-213 scintillation spectrometer in conjunction with ROSPEC
have been made for two locations in the concrete shielding maze
leading to the FINS accelerator room. These measurements
are part of a program for characterizing the neutron field
produced by FINS, in order to establish its properties as
an irradiation source and to check the dose calculations
made(2) in designing the radiation shielding of the
accelerator.

At the end of the maze closest to the accelerator (and
in direct view of the target), the measured spectrum indicates
that room-scattered neutrons are clustered mainly below
3.5 MeV and their fluence roughly equals that of 1^ MeV
neutrons coming directly from the target. At a location
farther down the maze and after a 90° bend, the shape of the
scattered spectrum remains somewhat similar but the peak near
Ik MeV has completely disappeared. At this location the
fluence of neutrons above 3-5 MeV is less than 20% of the
total and these neutrons are almost uniformly distributed
in energy up to \k MeV (giving <a spectrum which is almost
flat but tapering off slightly with increasing energy).

More measurements at other points will be made.

(1) W.G. Cross and H. Ing, Health Physics, 28, 511 (1975).

(2) W.G. Cross and H. Ing, "Safety Considerations for the
FINS Neutron Generators", CRNL-1409 (1976).
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2.2.^ Re-Examination of the Asymmetry in the DgO-Moderated 252Cf
Calibration Facility
H. Ing and W.G. Cross

Based on our earlier Monte Carlo calculations , a 2 5 2Cf
source at the centre of a 15-cm radfus D2O sphere has been
chosen as one of four calibration standards proposed in a
recent draft(2) by the International Standards Organization
and is the only calibration standard recommended in the
latest draft of the American National Standard (July 1981).
More recent calculations (PR-HS-8) of the actual assembly,
built by the U.S. National Bureau of Standards(3), indicated
that the steel tube used to hold the 252Cf source (at its
central location) might introduce small asymmetries in the
neutron field outside the sphere.

We have now re-examined the spectral variation as a
function of azimuthal angle relative to the tube axis. A
larger number (128,000) of source neutrons was used for
better statistical accuracy. The results show that any
asymmetry caused by the source tube is very small. For
the various angles, the average energy of the neutrons
and the 2 3 5U/ 2 l 7Np fission ratio varied by less than \%.

2.3 THERMOLUMINESCENCE DOSIMETRY
A.R. Jones

2.3.1 Automatic TLD Reader AEP-5256B

The laboratory prototype has been placed in service for
personnel monitoring at CRNL.

Samples of butt-welded thermocouples which have a shorter
response time than the lap-welded type used previously have
been received from two manufacturers and are being tested.

A modification to the microprocessor program has been
made to keep the anvil up for 1.5 s after the required
temperature has been reached to ensure adequate read-out
while keeping the standard deviation of unexposed dosimeters

TTJ H. Ing and W.G. Cross, Health Phys. 3£ (1977) p. 351.
(2) J.L. Chartier et al., Proc. Fourth Symp. on Neutron

Dosimetry, GSF, Munich-Neuherberg, June 1-5, 1981
(in press).

(3) R.B. Schwartz and C M . Eisenhauer, "The Design and
Construction of a D20-Moderated

 2°2Cf Source for
Calibrating Neutron Personnel Dosimeters Used at
Nuclear Power Reactors", NUREG/CR-1204, January 1980.
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(which sets a limit to sensitivity) low. With anvil temperature
and anvil drop temperature set to completely read out the thick
and thin TLDs (sensitized and unsensitized), the following
standard deviations were observed with unexposed dosimeters.

Standard Deviations in mrads

Whole Body Surface

Sensitized 1.3 1.5
Unsensitized 2.0 k.\

(1 mrad = 10 uGy)

The building of an engineering prototype for WfJRE is
on schedule except for an interconnecting printed circuit
board, which is delayed in construction at CRNL. Although
a relatively simple printed circuit board, it is needed to
test the rest of the circuits so a wire-wrapped board is
being made in the laboratory. A printed circuit board is
being obtained from a commercial source.

Work on a manual is in progress.

2.3-2 Evaluation of MgBnOyiDy TLDs

Sample TLDs have been mounted on TLD plaques in the whole
body dosimeter position with the Automatic TLD Reader. These
TLDs are not well suited for surface dosimetry because they
are rather thick for 3-dosimetry (M60 mg/cm2), they are
somewhat more photon-energy dependent than LiF TLDs, and
they contain natural boron which causes a response to neutron
exposure. If TLDs made with depleted boron become available
they will probably be expensive. There is, therefore, a
need for a suitable surface dosimeter which could be used
on a plaque together with a MgB407:Dy TLD as the whole body
dosimeter. Three possibilities are being tested:

- the presently used LiF TLD-700 (100 mg/cm2)
- LiF-in-teflon TLD (30 mg/cm2)
- LiF:Mg,Cu powder TLD stuck to an adhesive kapton backing

( M 0 mg/cm ).

They have been mounted on plaques and the TLD are covered
with a thin teflon film which also seals the adhesive on the
kapton.

It was possible to select reader operating temperatures
for complete read-out and obtain low standard deviations from
unexposed TLDs as shown in the following.
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TLD

LiF-in-Tef)on

LIF:Mg,Cu Powder

LiF TLD-700

% Residua]^

0.33

1.3
0.25

0.25

Standard Deviation of
Unexposed TLDs in mrad

1.0

5. k

<».6

1-3

*Fraction of initial reading remaining for a second reading.
(1 mrad - 10

Another important characteristic of a TLD is its relative
rsproduclbi1ity. Groups of dosimeters were exposed uniformly,
twice, and the standard deviations of the quotients of the
readings measured. This quantity sets a limit to the precision
obtainable, except for small exposures when the standard
deviation in the previous table is the limiting factor. The
standard deviations of the quotients are shown in the following
table along with the relative sensitivity.

TLD

MgBi»07:Dy
(Whole Body)

LiF TLD-700
sensitized
(surface)

LfF Powder
(surface)

LiF-in-Tefion
sens i t i zed
(surface)

% Standard Deviation
of Quotient of
Successive Readings

1.7

7-7

3-8

7.6

Relative
Sensitivity

100

2.7

1.11

0.68

Based on the tests performed so far, the LiF-in-tefion TLD
seems to be the least suitable for the surface dosimeter. However,
tests on p-ray energy dependence, now being done, and on fading
and durability, y-energy dependence, to be done may change the
picture.
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2.3-3 Evaluation of High Temperature Read-Out of TLD Plaques

Since the new Automatic TLD Reader has heating parameters
that are easily adjustable by the operator, the use of a second
read-out at higher temperatures after a large reading is worth
investigating. It offers two possible advantages:

- the residual reading may be lowered
- an approximate re-estimate of the dose may be derived.

The first would be important if the next exposure were
small. The second would serve to confirm, or discredit,
a large reading.

It was found that erasure was complete by using an
anvil temperature of 35O'C and an anvil drop temperature of
220°C for exposures up to 10 R for the thick TLDs and 1C0 R
for the thin ones. This applied to both tie sensitized
and unsensitized TLDs.

Linear regression analysis of the high temperature readings
and the previous readings at normal reading temperature showed
that the two sets of data were quite well correlated for the
thicker TLDs but not for the thinner ones. For the thick
dosimeters the exposure e n be approximately estimated from
the second high temperature reading (the standard deviation
is 22 and 27% at the 10 R level for sensitized and non-
sensitized TLDs, respectively). The lowest previous exposure
that can be detected with certainty is about 1 R.

This procedure may result in damage to the dosimeter.
TLD plaques of both types were exposed to 1 R, annealed,
read at normal and high temperatures and the procedure was
repeated ten times. After the last exposure the TLDs were
read three times.

The repeated procedure was found to produce small but
measurable losses in average sensitivity (from 3 to 6%
according to type and thickness) and some increase in
variability in sensitivity. The ability to detect small
exposures was not impaired.

It is concluded that the procedure could usefully and
safely be applied to all TLDs after high readings have been
observed at least for a limited number of times.
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2.4 BETA RADIATION DOSIMETRY

2.4.1 Tables of Beta-Ray Depth-Dose Distributions
W.G. Cross, H. Ing, N.O. Freedman and J. Mainville

Computer plots of depth-dose distributions from abouc
100 beta-ray emitters have been completed and preparat'on of
a report has begun.

2.5 TRITIUM MONITORING

2.5.1 Portable Tritium Monitor, AEP-5321
R.V. Osborne and M.J. Wood

The design of the AEP-5321 has now been finalized. The
engineering drawings are baing completed and the first
production model will be constructed early in the new year.

2.J.2 In-Line Trit?um-?n-Water Monitor for the U2 Loop Steam
Generator
R.V. Osborne, M.J. Wood and R.G.C. McElroy

The design of the ratemeter and local display unit has
been completed and successfully breadboarded. The ratemeter
is a variation of the one designed for the AEP-5320; the
local display unit was designed specifically for this
application. It allows the measured tritium concentration
to be displayed in units of uCi/L, MBq/L, or counts per min.
The update time may be set to 10, 100 or 600 s. The
completed unit should be ready for delivery in January 1982.

2.5.3 Nafion-Based HT/HTO-in-Air Monitor, AEP-5336
R.G.C. McElroy, R.A. Surette and R.V. Osborne

The AEP-5336 has been operating essentially continuously
in the laboratory during this quarter. No serious problems
or disruptions in service have occurred. After a final
calibration, the instrument will be moved to the tritium
laboratory in Building 250 for field testing.

2.5.4 Ion Chambers for Tritium Glove Box, Building 250
R.A. Surette, R.G.C. McElroy and R.V. Osborne

At the request of Chemical Engineering Branch, we have
designed two ion chamber assemblies for use in the tritium
glove box (in laboratory number 245) in Building 250. One
chamber will monitor the hydriding process while the other
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will serve as the high range monitor for the glove box atmosphere.
The ion chamber design utilizes readily available high vacuum
fittings to minimize machining. Two prototype chambers are
currently being constructed for testing- If this ion chamber
design Is successful It will have further applications in
the tritium removal plant.

2.6 EFFLUENT MONITORING

2.6.1 Wide-Range Particulate Monitor
R.M. Holford

This unit, being designed as one of the components for
the proposed NRU Wide-Range Stack Monitor, is a 3-radiation
detector consisting of a thin sheet of plastic sciriti1lator
mounted on a high-speed photomuitiplier tube (PMT^. The
output of the PMT is directly coupled to an amplifier,
discriminator and pre-scaler constructed from emitter-coupled
logic circuits. Testing of a prototype unit, as described
in the last report, PR-HS-9, showed that the counting rate
from the detector increased linearly with dose up to about
107 counts/second but then decreased fairly rapidly as the
dose-rate was further increased.

Several reasons for this unexpected behaviour have been
discovered. The divider chain used in the initial experiments
was found to be significantly loaded by the PMT current, and
so it was replaced by one recommended by the manufacturer
for high-speed, high-current operation. In all subsequent
experiments the voltage at the last dynode was monitored and
used to calculate the average current in the tube. This
current was found to be much larger than expected from
summation of the observed pulse amplitude spectrum, due to
the presence of a large number of small pulses falling below
the threshold of the discriminator. About half of these
pulses originated in direct interactions between the yrays
and the PMT itself, and could be eliminated by shielding.
(They can be avoided in a fS-detector design by using a light
pipe between the scintillator and the photo-cathode of the PMT).
At high counting rates the small pulses act as a D.C. current
and effectively reduce the discriminator threshold for the
larger pulses that are being counted. Thus the dose-response
of the unit Is actually supra-linear up to the point at which
the average PMT current is sufficient to reduce the effective
discriminator bias to zero. Beyond this point the discriminator
becomes paralyzed for most of the time, producing the observed
rapid fall off in counting rate beyond the maximum.
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This work suggests that the average PMT current should be
monitored when the unit is used as a radiation detector, since
it provides the unambiguous indication of an over-load condition.
Ways to improve the linearity of the dose-response will continue
to be investigated. Two possibilities are the use of an
inductor to remove the D.C. component of the PMT signal, and
the use of an operational amplifier to provide automatic
adjustment of the discriminator setting depending on the average
PMT current.

2.6.2 Measurement of Radio-xenons in Exhaust Air
R.M. Holford and L.W. Shankland

The prototype of the new version of the Xenon Monitor,
AEP-5320, has now been completed and it is now being put
into service. The delay in completion was due to a need
to replace the original LED display with one more suitable
for remote monitoring via closed-circuit television. In
the meantime, work has also been proceeding on the production
of a comprehensive manual for use with the instrument.

2.6.3 Energy Dependence of GM Counters Selected for the Noble Gas
Monitor Section of the NRU/NRX Stack Monitor"
A.R. Jones

To measure the MeV-Ci(Y) concentration of unknown mixtures
of noble gases in the sample chamber the detectors should be
energy and direction independent over an energy range lying
between 0.081 and 1.29 MeV. The energy dependence
of the high and low range GM counters has been measured over
a range of angles of incidence. Correcting filters have
been designed and the energy dependences of the filtered GM
counters have been measured.

2.7 BETA/GAMMA RAD IAT/ON MONITORING
A.R. Jones

2-7-1 Measurement of Background Signal in Environmental Y'Monitors

In the calibration of environmental gamma radiation monitors
at very low exposure rates, standard ion chambers are not
sensitive enough to measure the 'given' exposure rates accurately,
and psrt of the signal is due to radioactivity in the exposure
rate meters and part to cosmic rays.

To overcome the first problem two environmental dosimeters,
which both employ type HBM geiger counters as their detectors,
were calibrated with 2 and 5 mg radium sources at 1 m distance.
To minimize the problem of scattering a lead shield was used to
isolate the direct and scatter beam. Using this technique the
calibration from both sources agreed to within three per cent
for both dosimeters.
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After calibration, both dosimeters were left overnight
in a copper-lined lead castle and average dosimeter readings
of 5-1 and 5.2 nR/h were measured. Allowing for some
Y-i'adiation within the castle the apparent contribution from
cosmic rays and internal radioactivity is probably between
3 and 4 uR/h for these counters.

2.7-2 Improvements to Doorway Monitors

Since the doorway monitors used at CRNL and Doug]as Point
were designed two developments have occurred which, if applied,
could lower the level of activity detected on personnel leaving
the laboratory. These are the microprocessor and the large
area thin window GM counter.

Calculations have been made to assess the improvement
possible. In the reference design the followi ig assumptions
are made.

- the total counter area is 0.19 m2

- the background sensitivity is reduced a factor of 3 by
shielding

- the counters are grouped into 8 sections around the
circumference of the doorway

- an increase of k x average background count rate in any
section of counters or of all of them results in alarm
if a person is walking through the doorway

- the counting period is 0.5 s
- the walking speed is 1 m/s
- the contamination is located on the head, the front waist,

hand and shoe of the monitored person
- the background exposure rate is 10, 100 or 1000 yR/h
- the activity is in the form of 60Co, 1 3 7Cs, 2 2 6Ra or

mixed fission products.

Two extreme cases were considered. Either no 3-particles
are stopped en route to the nearby counters, or all of them
are, as in a sealed source.

The calculations lead to these conclusions:

1. Breaking the array of counters into sections produces a modest
improvement in sensitivity for contamination of the head,
hands or shoe but not of the waist. This arrangement may be
worthwhile to identify the location of the contamination.

2. If the sources are sealed or the 3's are shielded by the
body the reference design offers little advantage over the
present design (using Nal y~detectors) except when the
hands or shoes are contaminated.
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3. If the p-sources are unsealed and the £-rays not blocked by
the body large gains in.sensitivity (20-100) are possible.
The improvement Is particularly marked for mixed fission
products.

It is recommended that a duorway monitor similar to the
reference design be procured or developed because it offers
greater sensitivity, in many situations, than the present
monitor whose sensitivity Is Inadequate.

2.8 RADIATION INSTRUMENT MEASUREMENT
A.R. Jones

High Range Beta Dose Rate Meter AEP-5337 and High Range Gamma
Survey Meter AEP-53O9A

A report describing both meters is being prepared.

Monitor for Airborne 3-Emitting Particulates, AEP-5331

Prototype testing in the laboratory is complete,

Wide Range Beta-Gamma Survey Meter, AEP-5288C

An engineering prototype is being constructed.

New Head Unit for Alpha Air Monitor, AEP-10110

The laboratory prototype is being field tested.

Health Physics Sealer/Rate Meter, AEP-53*H

Circuits have been designed and are being tested.

2.9 RADIATION RECORD-KEEPING
R.M. Holford

Since the middle of October the new TLD reader (AEP-5256B)
has been used for the routine fortnightly read-out of the TLD
plaques from CRNL and the Radiochemical Company. The format
of the output from the new reader differs from the old, but
the pre-processing computer programs had already been
modified to accept data from either reader, so that the
change-over was made without any major problems. Use of
the new system has, however, shown up some areas in which
the pre-processing program could be improved, particularly
with respect to the automatic handling of errors and error
messages from the TLD reader and work on this is proceeding.
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2.10 RADIATION DOSE MONITORING

2.10.1 Body Radiation Doses
R.M, Rondeau and J.M. Vincent

Since the last report (PR-HS-9) there have been no whole-
body radiation exposures exceeding the 600-mrem two-weekly
administrative control limit and no skin exposures exceeding
the 1600-mrem two-weekly administrative control limit.

In the fourteen-week period ending 25 December 1981
and in the calendar year to this date there were the following
distributions of radiation exposure.

CRNL - Whole-Body Pose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
3.50 - 3.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

367
2398
109
15
0
0
0
0
0

86

98

Weeks

Total
Dose
Man-rem

0
154.93
75.06
17.78
0
0
0
0
0

mrem

mrem

Calendar Year

No. of
monitored
persons

45
2376
164
122
C2
41
36
11
12

Total
Dose
Man-rem

0
293.80
119.48
151.07
140.68
91.56
96.92
35.18
43.76

337 mretn

342 mrem
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Radiochemioal Company - Whole-Body Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - .2.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

118
255
0
0
0
0

Total
Dose
Man-r em

0
13.14
0
0
0
0

35 mrem

52 mrem

Calendar Year

No. of
monitored
persons

58
270
33
9
2
1

Total
Dose
Man-rem

0
34.96
23.51
10.36
3.30
2.02

199 mrem

235 mrem

Engineering Company - Whole-Body Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99

Average dose
per monitored
person

Average dose
per exposed
person

1

Fourteen

No. of
monitored
persons

284
23
7
4
0

Weeks

Total
Dose
Man-rem

0
2.74
5.50
4.70
0

41 mrem

380 mrem

Calenda

No. of
monitored
persons

2S3
3S
8
5
3

c* Yssr

Total
Dose
Man-rem

0
3.43
6.34
5.76
4.87

64 mrem

371 mrem
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Dose Range

rem

•

no radiation

0 - 0.49

0.50 - 0.99

1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99

3.00 - 3.49

3.50 - 3.99
4.00 - 4.49
4.50 - 4.99
5.00 - 5.49

Average dose

per monitored

person

Average dose
per exposed

person

CRNL - Skin

Fourteen Weeks

No. of

monitored
persons

367
2368

123
25
4
2
0
0
0
0
0
0

Total

Dose

Man-rem

0
149.56

83.16

29.74
6.98
4.69

0
0
0
0
0
0

95 rorem

109 fl^^ro

Dose

Calendar

No. of

monitored
persons

45
2362

157
110
88
44,
45
21
13
3
0
1

365

371

fear

Total
Dose

Man-rem

0
298.80

113.77

134.69
152.84
99.05

122.17
67.96
46.85
12.48
0
5.28

mrem

.nrem
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Dose Range

rem

•

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1*49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99

Average dose
per monitored
person

Average dose
per exposed
person

Radiochemical Company -

Fourteen Weeks

No. of
monitored
persons

118
251
3

1
0
0
0

48

70

Total
Dose
Man-rem

0
14.44
2.32
1.16
0
0
0

mrem

mrem

Skin Dose

Calendar Year

No. of
monitored
persons

58
245
49
13
2
3
3

Total
Dose
Man-rem

0
33.32
36.92
15.03
3.26
7.10
8.48

279 mrem

330 mrem
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Engineering Company - Skin Dose

Dose Range

rem

•

no radiation

0 - 0.49
0.50 - 0.99 .
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49

2.50 - 2.99

A/erage dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

284
23
7
4

0
0
0

4

Weeks

Total
Dose
Man-rem

0
2.74
5.50
4.70
0

0
0

1 mrern

380 mrem

•

Calendar Year

No. of

monitored
persons

263
37
8
6

3
0
1

Total . . .

DoRe
Man-rem

0
3.87
5.90
7.08
5.69
0

2.80

80 mrem

•.

461 mrem
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2.10.2 Hand Radiation Poses
J.M. Vincent and R.M. Rondeau

In the fourteen-week period ending 25 December 1981 and
In the calendar year to this date the following distributions
of extremity doses were measured by finger-tip TLDs.

Dose Range
rent

less than 0.99
1.00 - 1.99
2.00 - 2.99
3.00 - 3-99
Jf.OO - l».99
5.00 - 5-99
6.00 - 6.99
7.00 - 7-99
8.00 - 8.99

17.00 - 17.99

CRNL
Calendar
Year

183
34
11
2
0
3
0
0
0

0

Fourteen
Weeks

71
2
0
0
0
0
0
0
0

0

Radiochemical
Calendar
Year

29
9
3
0
2
1
2
0
1

1

Company
Fourteen
Weeks

26
1
0
0
1
0
0
0
0

0

2.11 PRESENTATIONS AND PUBLICATIONS

R.M. Hoi ford, "Estimation and Correction of Counting Dead-Time
by using Information Contained in the Time Distribution
of the Events", presented at the 1981 Nuclear Science Symposium,
San Francisco, California, 1981 October 21-23- To be published
in IEEE Transactions on Nuclear Energy in Spring 1982.

R.G.C. McElroy, R.V. Osborne and R.A. Surette, "A Monitor for
the Separate Determination of HT and HT0", presented at 1981
Nuclear Science Symposium, San Francisco, California, 1981
October T.1-23. To be published in IEEE Transactions on
Nuclear Energy in Spring 1932.
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2.11 PRESENTATIONS AND PUBLICATIONS (cont'd)

G. Cowper, J.R.A. Johnson and A.M. Marko, "The New Dose
Limitation System and Dosimetry Practice at the Chalk River
Nuclear Laboratories", presented at International Symposium
on the Application of the Dose Limitation System in the Nuclear
Fuel Cycle Facilities and Other Radiation Practices, Madrid,
Spain, 19-23 October 1981.

A.R. Jones and R.M. HoJford, "Application of Geiger-Mueller
Counters Over a Wide Range of Counting Rates", published in
Nuclear Instruments £ Methods, j89, 503-509 (1981), AECL
Report No. AECL-7380.
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3. ENVIRONMENTAL RESEARCH BRANCH

by

R.V. Osborne

3.1 Staff
3.2 Beneficial Uses of Waste Heat

3.2.1 Aquaculture of Freshwater Organisms
3.2.2 Culture of Bivalve Molluscs in Low Grade Heat

3.3 Radioecology of Molluscs
3.3.1 Contribution of Food to the Radionuclide Body

Burden in Freshwater Clams
3.4 Biogeochemistry of the Waste Management Area

3.4.1 Laboratory Column Studies on the Particulate
Transport of Radionuclides

3.4.2 Field Column Studies
3.5 Perch Lake Project

3.5.1 Measurement of Energy, Water and Tritium Budgets
3.5.2 Energy Budget, Lake Evaporation and Hydrology
3.5.3 Water Budget and Lake Chemistry
3.5.4 Data Storage
3.5.5 Facilities

3.6 Stack Argon Measurements
3.7 Assessment of Accidental Releases of Radioactivity to

the Atmosphere at CRNL
3.8 Cooperation with Outside Organisations in Atmospheric

Science
3.8.1 Long Range Atmospheric Transport of Contaminants
3.8.2 Atmospheric Environment Service Air Pollution

Network Monitoring Stations at CRNL
3.8.3 Studies of the Reliability of Monitoring Methods

for Wet Depositions
3.8.4 Atmospheric Dispersion
3.8.5 Deposition of Atmospheric Gases and Particulates

3.9 Snowmelt, Runoff and Evapotranspiration in a Forested
Catchment

3.10 Contaminant Hydrogeochemistry
3.11 Radionuclide Transport in Fractured Rock
3.12 Accelerator Measurement of Carbon-14
3.13 Dispersion of NPD Tritium in the Ottawa River
3.14 Uranium 234/Uranium 238 Activity Ratios
3.15 Predicting Nuclide Distributions in Freshwaters
3.16 Environmental Impact Assessment

3.16.1 Environmental Assessment of CRNL Waste Management Areas
3.16.1.1 Chemical Pit Plume
3.16.1.2 Perch Lake Swamp Survey
3.16.1.3 Tracer Test Site
3.16.1.4 Waste Management Area "C"
3.16.1.5 External Contracts
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3.16.2 Groundwater-Contaminant Flux to Surface Waters
and Behaviour of Radionuclides in Surface Waters

3.16.2.1 General Objectives
3.16.2.2 Biodiscrimination of Radionuclides in

Aquatic Food Webs
3.16.2.3 Groundwater-Contaminant Flux to Surface

Waters: Field Studies
3.16.3 Computer Modelling

3.17 Gamma Exposure Rates in the Vicinity of CRNL
3.18 Off-Site Monitoring
3.19 Liquid Effluent Monitoring
3.20 Waste Management Areas
3.21 Gamma Exposure Rates in the Exclusion Area
3.22 Studies of the Behaviour of Cobalt and Actinides in the

Environment
3.22.1 Speciation Studies of Radionuclides in Groundwater
3.22.2 Development of Methods for the Determination of

Actinide Concentrations in Environmental
Samples

3.23 Studies of Radioactivity in Trees
3.23*. 1 Sampling of Tree Sap for Tritium

3.24 Bioavailability of Species of Nuclides Present in
Groundwater

3.25 Development of Instrumental Techniques for Environmental
Monitoring

3.26 Special Monitoring
3.27 Tritium Survey
3.28 Survey Summary
3.29 Publications
3.30 Verbal Presentations

3.30.1 Presented Papers
3.30.2 Lectures and Seminars
3.30.3 Other Talks
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3.1 STAFF

3.1.1 Branch Head - I.L. Ophel1

R.V. Osborne2

Environmental Chemistry and Meteorology

P.J. Barry Assistants: P.C. Jay
D.P. Wildsmith

A.G. Price3 Assistant: B.O. Bauer3

Environmental Impact Assessment

R.W.D. K.Llley Assistant: J.H. Munch

D.R. Lee Assistants: S.J. Welch
S.L. Burchart^

G.L. Moltyaner^

Natural Isotope Studies

R.M. Brown Assistant: W.J. Workman

Biochemistry and Microbial Radioecology

D.R. Champ Assistant-: J.L. Young

Radiochemistry and Environmental Monitoring

E.L. Cooper Assistants: D.E. Clegg
G. Lahaie

L.A. Mask
H.M. McLaughlin

Contaminant Hydrogeochemistry

R.E. Jackson6 Assistant: K.J. Inch6

iTransferred to Health Sciences Divisional Office,
14 December, 1981

^Appointed 14 December, 1981
3Attached Staff from Department of Geography, University
of Toronto

4Canadore College student, left 15 December, 1981

5Arrived 10 November, 1981
6Attached Staff from National Hydrology Research Institute,
Environment Canada, Ottawa
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Chemical Limnology

R.J. Cornett

Biology and Aquatic Radioecology

J.W. McMahon Assistants: A.E- Docherty

S-R. Gentner

I.L. Ophel Assistant: J.M. Judd

Hydrology and Trace Element Analysis
2

W.F. Merritt Assistant: B.A. Risto

Assessment of Atmospheric Releases

E. Robertson Assistant: F.C. Brown

Secretarial

T. Ingram
E.O. Sauk4

3.1.2 Other Attached Staff

L.A. Barrie - Atmospheric Environment Service, Environment
Canada, ûownsview, Ontario. Working with P.J. Barry.
Carrying out co-operative experiments between AECL and
Atmospheric Environment Service in the CRNL Experimental
Area.

M.R. Brown and L.M. Johnston - National Hydrology Research
Institute, Environment Canada, Ottawa. Working on a co-
operative project with R.E. Jackson on work relating to
trace elements in groundwater.

J.O. McHugh - On a Natural Sciences and Engineering Research
Council Canada (NSERC) Postdoctoral Fellowship. Working
with E.L. Cooper.

G«M. Milton - Department of Earth Sciences, University of
Waterloo. Working on a Ph.D Thesis project with R.M. Brown.

1Arrived 19 October, 1981

2Retired 30 December, 1981

Temporary staff; left 24 December, 1981
A

Temporary staff; arrived 21 December, 1981

5Left 28 October, 1981
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3.2 BENEFICIAL USES OP WASTE HEAT

3.2.1 Aquaculture of Freshwater Organisms - J.W. McMahon and
A.E. Docherty

The alga Scenedesmus quadricauda was continuously
cultured in heated (24+0.5°C)/ nutrient-enriched lake
water and used as a supplemental food source in studies
on freshwater clams (see section 3.2.2). Population
growth studies are also being carried out at this
temperature on a smaller alga - Scenedesmus bijugatus.
Nutrient enrichment of the cultures with varying levels
of nitrogen (as nitrate) and phosphorus (as phosphate)
is being used to determine the requirements for maximum
biomass production.

3.2.2 Culture of Bivalve Molluscs in Low Grade Heat
- J.W. McMahon and A.E. Docherty

Heated laboratory facilities were installed at
Maskinonge Lake during this period in order tc continue
studies throughout the winter on the thermal
aquaculture of the freshwater clam Elliptio complanatus.
The first study,in a series of long-terra experiments,
examined the effects of carbohydrate supplements
(cornstarch and wheat flour) and algae (Scenedesmus)
on shell and tissue (meats) growth of Elliptio
complanatus at a constant elevated water temperature
of 24+0.5UC. Filtering rates and a condition index
(the relationship of meat to shell cavity) were
determined on selected individuals in an experimental
population of 400 clams studied over the period Sept 1
- Dec 24/81. The average increase in wet weight of
clams over the study period was less than 0.5 g.
Filtering rates per animal (mL»min~-'-) were higher in
the heated groups than in the control groups subjected
to ambient water temperature. The values of
"condition index",however, were highest for "control"
clams receiving only Scenedesmus or unfiltered lake
water (16.7+1.2) while clams in heated water,
receiving the same treatments, gave the lowest condition
index values (5.5+1.0). Carbohydrate supplements to
clams in heated and unheated waters resulted in
intermediate condition index values of 8.7+1.3 and
12.2+2.4,respectively. We interpret the results of
this study to indicate that both starch and whole wheat
supplements cause an increase in meat weights while the
elevated water temperature (24+0.5°C) was too high for
enhanced growth. This work is continuing.
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3.3 RADIOECOLOGY OF MOLLUSCS

3.3.1 Contribution of Food to the Radionuclide Body Burden in
Freshwater Clams - J.W. McMahon, A.E. Docherty and
S-R. Gentner

Feeding behaviour of Elliptio complanatus was
studied under controlled laboratory conditions in waters
ranging in temperature from 6 to 25 C. ^Fe-labelled
Scenedesmus cells (50,000 JJL" ) were presented to clams
at a constant flow rate of 2 L'min"!. Filtration rates
per clam ranged from 0.8 nuVmin"1 at 6°C to ̂ 15 mL-min"1

at 20^c. Pseudo-faeces were not observed
at the concentration of Scenedesmus cells used.

3.4 BIOGEOCHEMISTRY OF THE WASTE MANAGEMENT AREA

Work in this quarter has been divided between the
analyses of accumulated experimental data and the
drafting of several manuscripts. the preparation of
field sites for experiments that will start in .1982
January, and some further analysis of the particulate
transport of radionuclides.

3.4.1 Laboratory Column Studies on the Particulate Transport
of Radionuclides - D.R. Champ, W.F. Merrxtt and J.L. Young

Studies on the particulate transport of Pu in soil
columns have continued (see PR-HS-9, section 3.10.1).
Release rates have remained constant to within +25%
during 4 months operations at flow rates of ~4 column
volumes per day.

The nature of the Pu species released from the column
has been examined by ultrafiltration techniques and
chemical speciation studies. Prefiitration of Pu column
effluent on 0.05 ym millipore filters removed -35% of
the Pu, while ultrafiltration of the 0.05 \im filtrate
on YM10 and UM05 ultrafilters (10,000 and 500 molecular
weight exclusion limits, respectively) removed a further
~5% and ~50% of the total Pu activity. Less than 10%
passed through the finest ultrafilter. The distribution
of Pu in the effluent between various species is
summarized in Table 3.4.1.
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TABLE 3.4.1

DISTRIBUTION OF PLUTONIUM BETWEEN VARIOUS SPECIES

Percent of Pu
Species in column effluent

Large particulates or colloids -35

( >50 nm)

Small colloids (2.8-50 nm) - 5

Won-colloidal, intermediate -50
(500-10,000) molecular weight
species
Ionic or small organic, or <10
inorganic, complexes

Chemical speciation has been conducted on the Pu in the
effluent and the Pu that passes through a 0.4 pm filter. The
various oxidation states have been determined from a
combination of coprecipitation with NdF3 and extraction with
2-thenoyltrifluoracetone (TTA) at pH's of 0.4 and 4.5. From
the coprecipitation results we deduced that none of the Pu
was present as Pu V I under the analytical conditions used.
From the TTA extraction results we deduced that ~85% was
present as Pu1 and the remainder as Pu 1 1 1.

3.4.2 Field Column Studies - D.R. Champ and J.L. Young

Field column studies, in which columns are prepared from
geologic materials at the site and are eluted with natural
waters either at the well head or when immersed in the well
for temperature control, are an integral part of several of
our programs. Two studies using these columns will be
actively pursued in 1982. These are: 1) an assessment of
redox barriers to contaminant transport using arsenic as a
test element, and 2) an assessment of 9°Sr sorption and
transport for comparison with previous "in situ" studies.

In this quarter we have tested a simple modification to
our field techniques that should greatly enhance the useful-
ness and long-term reliability of field columns. The
problem has been that fluids pumped to and from the columns
have been subject to changes in t>jmperature and in the
concentrations of dissolved gases that have diffused
through the capillary polypropylene tubing. Since the flow
rates are low ( <50 mL-h~l) the temperature and concentration
changes are appreciable and can significantly alter the
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groundwater geochemistry. When high concentrations of
ferrous iron are present in the groundwater continual
plugging of the tubing occurs due to the formation of ferric
oxides on tubing walls. These problems have been greatly
reduced by sheathing the capillary tubing in an outer sleeve
of large-bore tygon tubing that reaches from below the water
table to an acrylic leak-tight "junction" box at the surface
where the capillary tubing exits through valved stainless
steel tubes to a peristaltic pump. Groundwater is pumped
through this sleeve. Only a few centimetres of capillary
tuning are not continually immersed in a flow of groundwater.
The prototype "junction" box has been in operation for 6
weeks with no apparent Fe deposition. Previously,
plugging would occur within 1 week.

3.5 PERCH LAKE PROJECT

3.5.1 Measurement of Energy, Water and Tritium Budgets - P.J. Barry

These studies continue to contribute information that is
needed for several topics. Components of the energy and
water budgets are used to estimate the dispersion of tritiated
water from Perch Lake by evaporative transfer to the
atmosphere. The combined energy and water budgets remain the
only reliable method for estimating the groundwater input to
the lake and this information is itself needed to estimate che
underground migration of tritiated water from the groundwater
reservoir below Perch Lake swamp. The vertical thermal

..gradients are providing a better understanding of the vertical
mixing processes in lakes which in turn determines the
distribution and availability of radionuclides to aquatic
food chains. Several papers are now being prepared.

Twelve years of measurements of the energy and water
budgets of Perch Lake are available which in itself constitutes
a valuable climatological record for a typical lake on the
southern part of the Canadian shield. To examine the effects
of lake morphometry on the energy budget and mixing processes,
measurements continue to be carried out on Upper and Lower
Bass and Maskinonge Lakes.

Knowledge of the magnitudes of the components of the
water budget are also needed to determine the fluxes, by
various pathways, of radionuclides and anions and cations of
stable elements which determine the behaviour of radionuclides
in environmental systems.
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3.5.2 Energy Budget, Lake Evaporation and Hydrology - p.j. Barry
E. Robertson and F.C. Brown

Meteorological and energy budget data collected at
Perch, Maskinonge, Upper and Lower Bass Lakes are being
analysed. Data accumulated over the past twelve years are
being interpreted and summarized for publication early in
the next year.

3.5.3 Water Budget and Lake Chemistry - P.J. Barry and P.C. Jay

Tritium analyses of water samples from Perch Lake
Outlet, Perch Creek Weir and No. 1 and No. 2 inlets were
continued.

Anion analysis of surface water, groundwater and
precipitation samples from Perch Lake and Upper and Lower
Bass Lake systems were continued. Cation analyses of the
same samples are now being started.

3.5.4 Data Storage - D.P. Wildsmith

Perch Lake outlet and inlet stream flow data for the
period 1 January to 30 September 1981 have been received
from the Water Survey of Canada, Environment Canada.
Precipitation data, maximum and minimum air temperatures,
soil temperatures and the outlet stage height are recorded
daily.

3.5.5 Facilities - P.J. Barry

The main building at Perch Lake has been extended to
include toilet and washing facilities on site. This work
will be completed by the end of the year. Provision of
these services on site will be appreciated by the many
visiting scientists and scientists who work near the lake.

3.6 STACK ARGON MEASUREMENTS - D.P. Wildsmith

Periodic monitoring of the argon-41 released from the
main reactor stack continues. Since the 4^Ar released
from NRX is proportional to th~ integrated power level
these measurements calibrate the system and serve as an
indicator of changes in the operating conditions. In NRU
CO2 ir the J-rod annulus replaces moist air to reduce
corrosion of the reactor vessel and also reduces the ̂ •'•Ar
release rate per unit power level. The monitoring
therefore also provides a measure of the effectiveness of
the CO2 system and the Branch continues to cooperate with
NRU staff in performing these tests. A summary of all the
results obtained during 1981 is given in Table 3.6 below.



- 38 -

During the year changes were made to the monitoring
equipment requiring new calibrations. Duplicate,
4 minute, samples by the old and new equipment were
collected and analyzed. There was generally acceptable
agreement between the two sets of measurements. No
explanation has been found for the discrepancy between
results for December 7th.

TABLE 3.6

41
Measured Ar Releases frcm Main Reactor Stack 1981

Sampling

Date Time (EST)

Jan. 15

Mar. 19

May 14

*Aug. 11

*Aug. 21

**Aug. 21

*Oct. 15

*Oct. 15

**Oct. 15

*Dec. 4

**Dec. 4

*Dec. 7

**Dec. 7

08:20
08:18
08:31
07:40
12:30
12:30
07:24
07:24
07:24
08:46
09:00
08:44
08:44

41
Ar

Bq-d"

145

146

168

106

130

149

143

156

179

64

70

179

249

~ 2
NFLT

1 %

REACTOR
NRU

m
not operating

not operating

normal 120

not operating

normal

normal
normal

normal

normal

normal

normal

normal

normal

116

116

117

117

117

118 not

119 not

122

122

POWER
NRX TBq-
MW

21.6

22.4

23

22.6

22.6

22.6

24.5

24.5

24.5

operating

operating

24

24

(MW-d)

6.7

6.5

1.2

4.7

0.9

1.1

1.0

1.1

1.3

0.5

0.6

1.2

2.0

-1

* New Sampler

** Old Sampler

1 mCi = 37 TBq
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3.7 ASSESSMENT OF ACCIDENTAL RELEASES OF RADIOACTIVITY TO THE
ATMOSPHERE AT CRtfL - E. Robertson and F.C. Brown

The site for the proposed 65 m meteorological tower
has been prepared. Road and electrical services have been
supplied by CRNL personnel. The contractor, Al Parsons
Electronics, has installed the tower footings. Actual
tower erection is scheduled to start before the end of
December. Most of the instrumentation for the tower is on
site.

The signal line between the aerovane on Bldg. 456 and
Bldg. 513 was connected on November 20. Thus windspeed and
direction are again being recorded in the instrument room
near the main entrance of Bldg. 513.

3.8 COOPERATION WITH OUTSIDE ORGANISATIONS IN ATMOSPHERIC SCIENCE

3.8.1 Long Range Atmospheric Transport of Contaminants - P.J. Barry

The major sources of uncertainty in predicting the long
range transport of contaminants in the atmosphere are the
wet and dry deposition processes that deplete the plume during
its migration. Gaining a better understanding of these
processes is a vital step to improving our capability for
assessing doses from atmospheric releases of radionuclides.
The Atmospheric Environment Service (AES) of Environment
Canada contains the largest pool of expertise in
meteorological fields in Canada and it is therefore logical
for us to participate actively with the Service in studies
of this kind. Cooperation with AES is pursued in several
ways involving both jointly sponsored research studies and
commercial agreements.

A fundamental difficulty in atmospheric transport
studies is the unreliability of present methods for
measuring the deposition fluxes to the ground. The Branch
has become involved with the Canadian Standards Association
in attempting to improve and standardize methods for
measuring these fluxes.

3.8.2 Atmospheric Environment Service Air Pollution Network
Monitoring Stations at CRNL - P.J. Barry and D.P. Wildsmith

In cooperation with the Atmospheric Environment Service
of Environment Canada, we continue to operate the background,
air and particulate sampling station at CRNL daily.
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3.8.3 Studies of the Reliability of Monitoring Methods for
Wet Depositions - P.J. Barry and P.C. Jay

A proposal to investigate the reliability of analyses
for common anions and cations collected in precipitation
has been submitted to Environment Canada Atmospheric
Environment Service, Downsview, Ontario. The proposed
program will extend over a period of four months and
involve the collection, storage, analysis and reanalysis
of about 240 samples.

3.8.4 Atmospheric Dispersion - P.J. Barry

The National Working Group on Atmospheric Radioisotope
Releases is continuing to write its report which will raake
recommendations on (a) the kinds and deployment of
meteorological instrumentation to be installed at nuclear
facilities, and (b) the preferred dispersion models to be
used to assess population doses from radxoisotope releases
-o the atmosphere.

The Working Group had planned to finish its report by
February 1982 but progress during the past 3 months has
been slower than expected. Completion is now expected to
be later. P.J. Barry is chairman of the group concerned
with instrumentation.

3.8.5 Deposition of Atmospheric Gases and Particulates
P.J. Barry

A Working Group constituted under the aegis of the
Canadian Standards Association Committee on Air Pollution
Control has been formed with the purpose of standardizing
the collection, handling and analysis of precipitation
samples. P.J. Barry is chairman of the Working Group.

3.9 SNOWMELT, RUNOFF AND EVAPOTRANSPIRATION IN A FORESTED
CATCHMENT - A.G. Price

This work will continue in the Spring of 1982.

3.10 CONTAMINANT HYDROGEOCHEMISTRY - R.E. Jackson and K.J. Inch

Two more sediment cores from the plume of radioactive
material disposed of in 1954 have been taken and analysed.
Desorption experiments on these and previous cores show
that in the upper (older) portions of the plume
approximately 65% of the 9"Sr on the sandgrains is
exchangeabls, 10% is adsorbed by oxyhydroxide coatings
and 25% of the activity is fixed. In the lower (younger)
portion of the contaminated plume, approximately 80% of
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the 90Sr is exchangeable, 10% adsorbed by oxyhydroxides and
only 10% is fixed.

Another factor which seems to influence the sorptive
properties of the aquifer sediments is the amount of available
competing cations (in this case it is predominantly calcium).
The more calcium in the groundwater the lower the sorptive
capacity for 90Sr of the sands.

A more specific look at sorptive processes was obtained
by splitting the sand into its individual mineral components.
These were identified, counted for abundance and the amount
of Sr adsorbed on each component determined. This method
showed that 90% of all adsorbed 9 Sr is associated equally
with the feldspar and vermiculite fractions. The equal
importance of the less abundant vermiculite (~5% of all
aquifer grains) with feldspar (~35%) as a 9USr adsorbent
is due to its proportionately higher adsorption constant.

3.11 RADIONUCLIDE TRANSPORT IN FRACTURED ROCK - R.E. Jackson

The transport of a non-reactive tracer - sodium
iodide - between boreholes in fractured rock has been
observed at the Maskinonge Lake site.

3.12 ACCELERATOR MEASUREMENT OF CARBON-14 - R.M. Brown and
W.J. Workman with H.R. Andrews, G.C. Ball, J.C.D. Milton
of Nuclear Physics Branch and N. Burn, Y. Imahori of
NRX Reactor Branch

Twenty five samples were prepared for an accelerator
run in mid-December of which only 18 were measured owing to
time limitations. A mild treatment was used for bone
samples, consisting of overnight extraction with 1 molar
HC1 at room temperature to remove carbonates followed by
extraction with 0.2 molar NaOH to remove humic acids.
Higher recoveries of residual organic material than in
previous preparations were realized and no unrealistically
young ages were found as had occurred with two samples
that had been extracted with hot 6 molar HC1. Reanalysis
of these two samples using the mild treatment procedure
has yielded acceptable ages.

Satisfactory measurements were obtained on all
samples in the December run but the oxalic acid standard
was rather more variable than it had been in the excellent
run of September 1981, and emission from it declined
seriously with repeated use. After the run it was found
that Al had been sputtered onto the carbon source material
by impingement of the Cs+ beam on the inside of the Al cone.
Adjustments had been made to the ion source to produce a
more concentrated Cs beam but this proved detrimental for
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our type of carbon mount. Our blank sample (from limestone)
showed age equivalents of 38,000 and 45,000 years in the
two loadings, failing to repeat the 55,000 years value
observed in the last load of the September run. Further
details of the December run are presented in the Nuclear
Physics Branch Progress Report PR-P-132: 2.19; AECL-7605.

We are now at the stage of being able to analyze
samples of 1-5 mg carbon routinely. With two comparisons
of an unknown to the NBS Oxalic Acid Standard we achieve a
standard deviation of +3% of the sample age with a lower limit
of +160 years. Significant measurements have been made on
approximately 50 field samples in 25 days of running time
during 1981. Papers dealing with the significance of the
results for specific studies will be prepared in collabor-
ation with the submitters of samples. A summary of results
of the past few runs follows.

Archaeological Samples

Thirteen bone samples provided by the Archaeological
Survey of Canada have been analyzed. Most of these were
animal bones from the Yukon which showed evidence of
having been broken or chipped when fresh by man for use
as tools. Two samples had been measured radiometrically
as 2685+67 and 15990+134 years. Accelerator measurements
gave 2536+360 and 18500+1000 years, respectively (2c error
in each case). Valuable new dates were obtained for the
other samples since they were too small for radiometric
measurement. Most of the samples were expected to date
around either 15,000 or 30,000 years because of
intermingling of specimens eroded from two distinct strata
exposed on a river bank. Ages from 12500 to 18500 years
and 25000 to 35000 years were found. The interval between
these two groups dates the occurrence of a glacial lake
which existed between deposition of the two artifact -
bearing strata.

TABER CHILD is a small human skeleton found in Alberta
in 1961. There has been much controversy about its age and
effort over a 20 year period to show that it is older than
30,000 years. We have measured it to be 36 60+_900 years
supportingestimates of an age of 3000-5000 years by
scientists of the National Museum of Canada.

Meteorites

Measurement of the ^ C content of meteorites is an
excellent application of the accelerator technique since only
very small samples are available. Counting in small volume
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gas counters often requires months of counting time to
obtain results of poor accuracy. We have measured the
disintegration rates of three North American meteorites:

Bruderheim (1960 Fall) 49+2 min~1"kg"1

Farmington (1890 Fall) 49+2
Estacado (1963 Find) 12+0.6 "

These values are consistent within 2 a error limits with
radiometric measurements reported in the literature but
have 5-10 fold better accuracy. The value for Estacado
relative to that of Bruderheim indicates a terrestrial age
of 11,800+400 years for the former.

The terrestrial ages of Antarctic meteorites give an
indication of the age of the ice sheet in which they have
been imbedded since they fell. We have measured terrestrial
ages of two meteorites at 27000+JL000 years, one at
17000+1000 years and one from a different field at 7700+
250 years.

Fossil Beetles

The observance of specific insect remnants at a site
gives information on paleoclimatic conditions at the time of
their existence. The insects are usually dated on the basis
of co-existing materials or geological observations. We have
done the first direct dating of insect material finding
ages of 27000 and 34000 years for beetles found in the Yukon,
and 8000 years for a specimen from northern New York.

Deep Rock Carbonates

In connection with the Deep Rock Nuclear Waste
Repository studies, Department of the Environment personnel
have been developing techniques for obtaining groundwater
samples in down-hole sampling cylinders to avoid surface
contamination. We have measured -^C in the carbonate from
0.5 litre samples obtained in this manner from Borehole
CR13. Measurements have also been done on fracture-filling
carbonate minerals obtained from drill cores.

3.13 DISPERSION OF NPD TRITIUM IN THE OTTAWA RIVER - R.M. Brown
and W.J. Workman

The transit times, maximum concentrations and integrated
amounts of tritium observed along the Ottawa River following
the release of 130 TBq (3500 Ci) from NPD in mid-August 1981
are shown in Table 3.13. The pulse was readily detectable
at Ottawa where the concentration prior to arrival of the
pulse was 17.8 Bg-L"1 (0.48 nCi'L'1), primarily bomb test
tritium.
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Discrepancy between the integrated amounts (concentrat-
ions x daily river flows) calculated for the pulse at
various sites and the known release amount indicates that
non-representative sampling occurred, i.e. that the tritium
was not mixed into the full cross section of the river at
the sampling sites. It was hoped that comparison of the
integrated pulse at Ottawa, where complete mixing was
assured, with the known release would give a measure of the
loss of HTO from the river surface by evaporation and
vapour exchange, but interruption of sampling at Ottawa
prevented this.

TABLE 3.13 Transit of NPD Tritium down the Ottawa River

Distance from NPP(km)

Time* of first arrival(d)

Time* of max, cone.(d)

Duration of pulse(d)

Maximum Cone.(Bq-IT1)

Integrated T content(TBq)
of pulse as measured

Velocity of peak(km-d"1)

Deep River

16

4

7

20

510

194

CRNL

25

10

14

35

245

72

Pembroke

60

14

24

36

177

101

Ottawa

200

33

-45

-44

100**

2.3 1.8 2.5 4.4

* Time trom the first release; i.e. 1981 August 17.

130 TBq(3500 Ci) were released from August 17 to August 24.

** This concentration was observed on September 26 and
October 5. Sampling was inadvertently interrupted
between these dates. Concentrations would have been
greater than 100 Bq-L"1 during this interval.

1 Bq = 27 pCi
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3.14 URANIUM 234/URANIUM 238 ACTIVITY RATIOS - G.M. Milton and
R.M. Brown

Work on Borehole WN1 fracture fillings and associated
groundwaters has continued, and some tentative conclusions
can now be drawn from the data obtained, which are
assembled in Table 3.14.1.

2 34 2 3 8
1) From the 46 m level U/ U activity ratios show a

steady decrease with depth. The increase noted between
U3 and Ul (40.4 m - 46.6 m) may be an indication of the
location of the zone in which the original U
enhancement occurs.

2) In most cases the uranium concentration of the filling
material is approximately 10 times that of the host rock,
though in the case of U2 calcite no enhancement occurs.

3) The decrease in concentration of U in groundwater
between 133 ra and 415 m (3.8 ug-L"1 to 0.67 yg-L~l) is
not accompanied by an increase in activity ratio.

4) The U in the groundwater is not in isotopic equilibrium
with the bulk of the U in the fracture fillings.

Ages estimated from U/ Th ratios for some of the
calcite fillings are presented in Table 3.14.2. Recent
14C determinations on some of these samples, using the
Chalk River tandem accelerator, do not contradict these
estimates.

Table 3.14.3 lists the ages estimated from 2 3 4U/ 2 3 0Th
ratios for ^he three groundwater samples analyzed. Since
little is known concerning the degree to which Th is
precipitated or complexed in these groundwaters these
values can be considered a tentative lower limit only. It
would appear that some mechanism for addition of uranium,
or removal of Th, (or both) is operating in the brines
pumped from the 455 m level.

In an effort to obtain information on the ratios of
adsorbed uranium isotopes relative to the ratios in the
bulk of uranium incorporated in the matrix of the filling,
leaches with 1 molar CsCl were carried out on several
samples to strip off the adsorbed uranium prior to the
1 molar HC1 leach. From the activity ratios observed it
does not appear that the U on the adsorption sites is in
equilibrium with the groundwaters of roughly the same
depths. Unfortunately the leach solutions were not
saturated with CaCO3 prior to use so it is impossible to
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know whether this observation indicates a real disequilibrium
or simply indicates slight dissolution of carbonate filling
which has a lower activity ratio. Since the number of surface
sites available for anion exchange is expected to be small,
carbonate dissolution seems the more probable explanation.

In the coming year we propose to study groundwater and
fracture fillings from other boreholes at Whiteshell and
Chalk River in order to determine the correlations of
uranium isotopic ratios in rock and water, and to compare
the data so obtained with those from WN-1. Also, a
series of laboratory experiments is planned to
investigate recrystallization of calcite as a potential
mechanism of uptake or loss of uranium and thorium, and
to determine the degree of alteration of 234u/238u an<3
2 3 0 2 3 4 ratios that might arise from it.

Sample

Host Bock(Surface)
Host Rock (Bulk)
U3 Core
Ul Core
U2 Core
U5 Core
Water
U7 Core
Water
Water
Ull

TABLE 3 . 14 .1
o o A 2 "5ft

U/ U r a t i o s and U con ten t s in

•

Depth

(m)

_
-

40.4
46.6
48.3

133
133
281
415
455
458

samples from WN-1

Chief
Fracture
Filling
Material

_
-

Calcite-Hamatite
Chlorite-Calcite
Calcite
Calcite

-
Chlorite

-
-

Chlorite

234U/238U

1.02+.02
1.09+.04
1.9+.04
3.2+.17
2.4+.18
2.2+. 10
3.04+.10
1.8+.05
2.10+.21
2.18+.09
1.25+.10

U coi
itock

_i

pg-g

~6.5
50-500

~40
5

~50

~75

50-100

Ug-L-1

3.8

0.67
32.9
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TABLE 3.14.2

Age Estimates of Some Fracture Fillings - WN-1 Core

Sample No.

U3

U2

U5

Ull

Depth (m)

40.4

48.3

133

458

234U/23°Th age
estimate (a)

35,000+2,200

79,600+11,000

256,000+47,000

295,000+102,000

1 4C age
estimate (a)

>35,000

>35,000

TABLE 3.14.3

Age Estimates of Some Associated Groundwater Samples

2 3 4U/ 2 3 0Th age 1 4C age
Sample (mL) Depth (m) estimate (a) estimate (a)

1000 133 2,900+270

460 415 13,900+2,400 ~3000

750 455 1000

3.15 PREDICTING NUCLIDE DISTRIBUTIONS IN FRESHWATERS - R.J. Cornett

For a nuclide to be an environmental hazard it must be
both mobile in the environment and toxic at some dose. The
long-term objective of this research is to develop and test
a number of simple models which can predict the concentration
of any nuclide released into the freshwater environment and
how that concentration will change through time.

In lakes and rivers two processes will determine how
rapidly a substance is removed from the water. Nuclides
may either be removed by sedimentation or flushed downytream.
Since the hydrologic characteristics (e.g. flushing rate) of
most important lakes and rivers are known, the key unknown
variable is the rate of sedimentation. CRNL has released
small amounts of many nuclides into the Ottawa River.
Using the release rates measured by the Environmental
Research Branch and concentrations measured at Pembroke
(33 km downstream) I am using a simple dynamic mass balance
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computer simulation to determine the sedimentation rates of
various substances in the Ottawa River. Once the seasonal
and annual variations in sedimentation rate have been
quantified, the generality of the measured rate constants
will be tested in other freshwater systems.

3.16 ENVIRONMENTAL IMPACT ASSESSMENT

3.16.1 Environmental Assessment of CRNL Waste Management Areas
- R.W.D. Killey and J.H. Munch

3.16.1.1 Chemical Pit Plume

Although the elution of a core of contaminated sand
and associated pore water confirmed that essentially all the
dissolved 60co is non-reactive, subsequent analysis of the
column sands showed that about 10% of the total inventory
of sorbed ^^Co ^^ been stripped during passage of 20 column
volumns of uncontaminated groundwater. Furthermore,
equilibration of the column sand with 0.1 molal Co(N03)2
released another 10% of the sorbed 60 C o # No desorption
tests had been performed on the column material prior to
elution, but from other analyses we expected that less than
10% of the total sorbed 60Co would be exchangeable, and
that the remaining activity would be essentially immobile.

To assess the potential discrepancies between the
column and batch desorption results, a second column
(using a fresh core) has been set up and is currently
being eluted with uncontaminated groundwater spiked with
cationic 57co. Core samples from immediately above and
below the test section have been analysed for dissolved
and sorbed ^ C o . Batch desorption tests on the sands from
these core samples released 6% of sorbed 60Co during
equilibration with 0.1 molal Co(N03)2- Elution of the
column again showed that the dissolved "^Co was non-reactive,
but subsequent releases of sorbed 60f.o have occurred at
much lower rates. Current projections are that the column
elution will not remove all of the exchangeable 60co and
support the initial hypothesis that most of the sorbed
60co is permanently fixed to the sands. This work, in
association with D.R. Champ, E.L. Cooper and G.L. Moltyaner,
will continue.

On Nov. 21, 2.7 m of decontaminating solution from the
U-l loop of NRU were inadvertently pumped to the Chemical
Pit. The solution contained 6% ammonium citrate and 2.5%
oxalic acid; no radionuclide inventory is yet available.
Arrangements have been made to install huts over 4 sets of
multilevel samplers to allow monitoring of part of the
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contaminated aquifer over the winter. Studies will focus on
potential re-mobilization of radionuclides currently retained
on the aquifer sediments.

3.16.1.2 Perch Lake Swamp Survey

Drilling and instrumentation of the boreholes on the
120 m (~400 ft) grid have been completed, and work is
commencing to increase the number of boreholes to give a
sample spacing of 60 m (200 ft) along grid lines transverse
to the contaminated portion of the flow system. Three
sets of hydraulic head measurements at samplers in the study
area have been completed, and lateral and vertical
groundwater flow directions are being defined. Results
show that groundwater flows, rather than being essentially
parallel to Mainstream (almost due south), are south-south-
west, towards the northwest corner of Perch Lake and towards
Perch Creek. A complete suite of tritium samples were
collected during the last week of November, and results of
this survey show the plume has approximately the
configuration expected from hydraulic head measurements.
The general ^H plume configuration also agrees quite well
with results of the 1961 and 1971 surveys, although at
present the highest concentration encountered (600 Bq-mL"!)
is almost an order of magnitude lower than maxima in the
earlier surveys. A summary report is in preparation.

.".16.1.3 Tracer Test Site

Six more continuously cored boreholes have been completed
in the study area at the northwest end of Twin Lake. Work to
date continues to reveal a relatively uniform succession of
fine to medium sands. The downgradient end of the study area
appears to be somewhat complicated by a rising till surface,
which may lead to some convergence of the groundwater flow
in this area. Drilling at approximately 50 m intervals has
begun in a portion of the study area that appears most
favourable for tracer testing.

Considerable effort has been devoted to improving our
knowledge of

i) stratigraphic correlations between boreholes, and
ii) hydraulic conductivity distributions.

About 60 analyses of grain size distribution and 15 size
analyses of magnetite and quartz plus feldspar sub-samples
have been used to characterize the sands and to discriminate
between wind-blown and water-lain sediments. Predictions
from large-scale stratigraphic correlations appear reasonably
reliable. Attempts to quantify the millimetre scale
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laminations characteristic of these sands are presently
underway, initially using a densitometer to scan black and
white photographic negatives of extruded and sectioned cores.
Correlations between boreholes may be possible by matching
sequences of laminae, and regular variations in hydraulic
conductivity may be definable.

Hydraulic conductivity estimations from grain size
distribution data range from 8.0 x 10~3 to 1.7 x 10~2 cnrs"1;
constant head injection tests on 12 piezometers provide an
identical range of values, but the correlation is poor
between the conductivity estimates from grain size and from
the iri situ piezometer results. Results of 30 yermeameter
tests of undisturbed cores range from 2.3 x 10"^ cm-s"^- to
1.2 x 10~2 cm-s"-1- vertical hydraulic conductivity, with a
mean value of about 5.5 x 10"^ cm-s~l. There is no clear
correlation with estimates from grain size distributions
or from piezometer measurements. Chloride breakthrough
tests for 10 of the permeameter cores show that there was
significant channeling in only 1 core, giving
increased confidence in the hydraulic conductivity
measurements. Dispersivities in the 10 cm sections ranged
from 0.03 to 0.11 cm. Work to assess further the small-
scale distribution of permeability and to improve
measurements is continuing.

3.16.1.4 Waste Management Area "C"

With E.L. Cooper, a series of gamma spectra was
collected along the margin of the swamp below the area to
try to locate discharge from the suspected southern portion
of the contaminated plume. The survey located a slight
60co maximum in the general location predicted from water
table mapping, and a diamond drill hole was sunk 7 m into
fractured bedrock 30 m upgradient of the 60 C o anomaly.
A piezometer sealed into the bedrock is currently being
purged prior to sampling.

3.16.1.5 External Contracts

Final reports from the University of Waterloo Research
Institute concerning the effectiveness of the wick effect
cover at the Tank Farm, moisture distributions in the "F"
Area cover, and concerning rapid water table transients
have not yet been received but are expected by the end of
the calendar year. ,

Field evaluation of the in situ Kd tester at the Bruce
low level waste management site has been delayed until next
spring so that staff at the University of Waterloo can
modify and improve the tester.
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3.16.2 Groundwater-Contaminant Flux to Surface Waters and Behaviour
of Radionuclides in Surface Waters

3.16.2.1 General Objectives - D.R. Lee

The purpose of this work is to understand radionuclide
transport into, and distribution within, surface waters. This
goal is being sought through field and laboratory experiments
and research contracts.

3.16.2.2 Biodiscrimination of Radionuclides in Aquatic Food Webs
- D.R. Lee and S..T. Welch

A report prepared under contract, entitled "Geochemical
pathways and biological uptake of radium in small Canadian
Shield lakes", was received from R.H. Hesslein of the
Freshwater Institute, Winnipeg. In this work Hesslein
surpasses the contract goals and offers mathematical models
for radium removal by water renewal and sedimentation and
the biological distribution of artificial radium spikes
in natural whole lakes. The implications of this work to
our current program and possible uranium tailings research
will be studied by branch staff.

An agreement for contract research was signed with
McGill University. This work, led by F. Rigler, will study
bioaccumulation of radium in a naturally radium-enriched
lake.

3.16.2.3 Groundwater-Contaminant Flux to Surface Waters: Field
Studies - D.R. Lee and S.J. Welch

The project "Bedrock-groundwater/Lake-connection" is
continuing. The purpose of the project is to develop and
test methods to be used in characterizing the discharge end
of groundwater flow systems around potential repository
sites. It may also locate discrete fractures for future
empirical tests of flow through fractured media and for
studies of sorption-desorption phenomena for critical
radionuclides in fractured rock. A second experimental
drop of lake level in late December produced a corresponding
decline in piezometric levels in bedrock near Maskinonge
Lake. The sites for several proposed holes for drilling
in 1982 January are being selected with the assistance of
John Hayles of Energy, Mines and Resources (Geophysics).

A 0.7 x 2.2 m planar injection screen was successfully
installed in a shallow sandy aquifer on the east side of
Perch Lake. This screen will be tested as a means of
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introducing chemically reactive tracers into groundwater
flow fields for medium scale advection dispersion experiments.
This particular setting offers an opportunity to study the
uptake and dispersion of contaminants by wetland plants in a
groundwater discharge zone.

3.16.3 Computer Modelling - G.L. Moltyaner

The report prepared under contract on the evaluation of
mass transport models has been delivered from the University
of Waterloo. It is pointed out in the report that of the
models considered S.F. Pickens' numerical model (National
Hydrology Research Institute, Ottawa) is probably the most
economical in terms of computational efficiency and could
be extended to incorporate radionuclide daughter products.
The disadvantage of the Pickens1 model is the lack of
available documentation. Work has started on evaluating other
existing numerical models to calculate groundwater flow
patterns.

3.17 GAMMA EXPOSURE RATES IN THE VICINITY OF CRNL
- E.L. Cooper, G. Lahaie and L.A. Mask

TLD's placed at the perimeter of the CRNL exclusion
area (seeFigure 3.17) are used to measure mean exposure
rates and the annual integrated exposures. Results in
Table 3.17 give the sum of contributions from CRNL and
natural gamma radiation.

3.18 OFF-SITE MONITORING - E.L. Cooper, D.E. Clegg, G. Lahaie,
L.A. Mask and H.M. McLaughlin

Precipitation samples collected at Deep River were
analyzed radiochemically for 90 S r and spectrometrically
for ^3'Cs and other gamma emitters. Monthly composite
samples of water from the Ottawa River, collected at
Rolphton, Deep River, Pembroke and CRNL, were also
analyzed for gamma-emitting nuclides, tritium and ^
The results are shown in Figure 3.18.

3.19 LIQUID EFFLUENT MONITORING - E.L. Cooper, D.E. Clegg,
G. Lahaie, L.A. Mask and H.M. McLaughlin

At CRNL, three liquid effluent streams discharge
radionuclides to the Ottawa River from the inner area.
They are the Process and Sanitary Sewers plus the 04 Storm
Sewer combined with 04A seepage. Each of these is
sampled regularly and analyzed for individual nuclides.
The mean daily release from the Process Sewer is given
in Table 3.19 for the third quarter of 1981. Most of
the radionuclides are measured by gamma ray spectrometry.
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TABLE 3.17 TLD Gamma Exposure Rates in Public Areas1

Third Quarter

Location
(see Figure 3.18.

1
2
3
4
5
6
7
8

1 3

Harrington Bay2

Deep River

1981 (yR*/h)

Third Quarter
1 1981

8.2
4.5
4.1
5.9
4.5
5.4
6.8

10.4
6.7
9.3
9.1

1979
Average

9.5
7.3
3.9
4.8
4.3
4.1
4.9
8.3
9.33
5.9
4.8

1980
Average

10.9
6.0
4.2
6.3
5.1
4.4
5.0
7.8^

10.74

6.8
4.9

•'•Sum of gamma exposures from natural background and airborne
contamination from CRNL. The contribution from cosmic
radiation has been deducted. In 1977 a change in estimating
the cosmic contribution resulted in lower totals at all
stations (~1.9 jiR-h-1).

2Harrington Bay, P.Q., 11 km east from plant stack.

3 2 October 1978 to 3 October 1979.

43 October 1979 to 7 October 1980.

*1 R = 2.58 x 10"4 C/kg
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TABLE 3.19 Mean Daily Release from Process Sewer
Third Quarter 1981

Radionuclides

90 S r

137CS

Ru
104 B a

Np-239
95Zr

Sc

«. Daily
mCi-d"1

0.5
12
4
<1
12
50
±23
12
3
2
3
6
4

Release
MBq-d"1

**

20
450
150
<40
450

1900
5850
450
110
70
110
220
150

Percent*
of DRL

4.1xlO"4

1.6X10"1

6.7xlO~4

<2.2xlO"4

2.4xlO"4

3.9xlO-2

±9.0x10
2.0x10

-5
-4

9.2xlO"5

6.7xlO-5

5.8xlO-5

7.3xlO~3

9.4xlO-3

*DRL= Derived Rele^5£ Limit. DRL values in mCi-d"-*- have
been calculated from the DRL's given in AECL-7243

** Rounded values.

Perch Creek, (see Figure 3.17) which drains Perch Lake
and the Waste Management Areas and flows into the Ottawa
River, is sampled regularly. The total amount of
radioactivity discharged from CRNL per day is calculated
from the measured flow rates and radionuclide concentrations
in individual streams (Figure 3.19). The values for
Plutonium represent 239pu pi u s

 2 4 0Pu.

Starting in 1980 tb" Plutonium discharges (Figure
3.19) are expressed in terms of activity per day rather
than mass per day. Since we do not distinguish 239p u

from <*4<<Pu and the two isotopes have different
half-lives, it is more meaningful to express the release
rate in terms of activity. For comparison with previous
release rates the conversion factor is 1 mCi(=37MBq) = 16.3 mg
for 2 3 9Pu.

3.20 WASTE MANAGEMENT AREAS - E.L. Cooper, G. Lahaie and L.A. Mask

Weekly samples and flow readings were taken at weirs on
the surface streams carrying contaminated seepage water from
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the Waste Management Areas into Perch and Maskinonge Lakes
(see Figure 3.17). Most samples were combined and
analyzed monthly for -*H as well as quarterly for gamma-
emitting radionuclides and 90Sr. Strontium-90, 60co .md
3H are still the main contaminants in the Perch Lake basin.

3.21 GAMMA EXPOSURE RATES IN THE EXCLUSION AREA - E.L. Cooper,
G. Lahaie and L.A. Mask

Shielded (indoor) and unshielded (outdoor) gamma ray
exposure rates in the CRNL exclusion area are given in
Table 3.21. The reduction in exposure rates observed in
Building 513 is due to shielding from 35 cm of concrete
in the floors above the detector.

TABLE 3.21 TLD Gamma Exposure Rates in Exclusion Area1

Third Quarter 1981(pR*/h)

Location Third Quarter 1979 1980
(see Figure 3.17) 1981 Average Average

9 32.2 30.5 31.0
10 (office)2 14.9 13.2 13.0

11 17.7 12.5 12.0
163 16.3 10.2 11.2

of gamma exposures from natural background and
airborne contamination from CRNL. The contribution from
cosmic radiation has been deducted. In 1977 a change
in the method of estimating the cosmic contribution
resulted in lower totals at all stations (-1.9 nR-h"1).

2First floor office in Bldg. 513.

3Office in CRNL cafeteria.

*1 R = 2.58 x 10"4C/kg

3.22 STUDIES OF THE BEHAVIOUR OF COBALT AND ACTINIDES IN THE
ENVIRONMENT

3.22.1 Speciation Studies of Radionuclides in Groundwater - E.L.
Cooper, J.O. McHugh and D.E. Clegg

These speciation studies are continuing although the
p-ice has slackened owing to J.O. McHugh leaving at the end
of October 1981.

A single 20 L sample of contaminated groundwater from
the plume in the East Swamp has been collected. The species



- 56 -

present in this sample are being characterized by adsorption
on anion - and cation - exchange resins, ultrafiltration,
solvent extraction, tracer exchange (^7Co, 2 3 6Pu and 24^Am)
and ultraviolet irradiation. Cobalt-60 and 57Co are being
analyzed by gamma ray spectrometry, while the actinides are
being analyzed by radiochemical separation and alpha
spectrometry. The application of several techniques to a
single sample will allow us to inter-compare the results
obtained. We will also be able to compare the species of
6 Co with those of various actinide isotopes. The more
complex radiochemical analysis being employed in this study
will provide information on a larger number of actinide
isotopes than in previous work.

3.22.2 Development of Methods for the Determination of Actinide
Concentrations in Environmental Samples - E.L. Cooper,
G. Lahaie and D.E. Clegg

The systematic study of conditions for the coprecipit-
ation of actinides on rare earth fluorides is continuing
with the objective of developing a reproducible alternative
to electroplating for the preparation of sources for alpha
spectrometry. The effect of acidity was investigated from
0.25 molar to 2 molar in HCl. In tests using 100 yg of Nd
in 10 mL of solution it was found that with the concentration
of HF held at 0.5 molar the yield for americium dropped from
77% at 0.25 molar in HCl to 8% at 2 molar in HCl. When the
concentration of HF was increased to 2.4 molar the yield
of americium was essentially 100% at hydrochloric acid
from 0.25 to 2 molar. Thus, if the concentration
of HF is maintained at 2.4 molar a fairly wide variation
in acid concentration can be tolerated.

3.23 STUDIES OF RADIOACTIVITY IN TREES

Uptake of Radionuclides by Birch and Maple Trees - E.L.
Cooper, J.O. McHugh, G. Lahaie and D.E. Clegg

The analysis of gamma emitters in sap samples
collected in the spring of 1981 is almost complete. The
analysis of actinides in these samples is continuing as
time permits. A report with some of the preliminary
results of these studies has been prepared for publication.

3.23.1 Sampling of Tree Sap for Tritium - E.L. Cooper

This work will be continued next spring provided that
it can be fitted in with other commitments.
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3.24 BIOAVAILABILITY OF SPECIES OF NUCLIDES PRESENT IN
GROUNDWATER - E.L. Cooper and J.O. McHugh

A report is being prepared which gives the detailed
methodology and results of the study of bean plants using
groundwater solution culture (reported in PR-HS-9). This
technique appears to be an excellent one for assessing
the bioavailability of species present in groundwater and
we expect to use it in the future.

3.25 DEVELOPMENT OF INSTRUMENTAL TECHNIQUES FOR ENVIRONMENTAL
MONITORING - E.L. Cooper

A portable gamma ray spectrometer has been assembled
using a hyperpure germanium detector and a 1024 channel
pulse height analyzer. This spectrometer has been
adopted to use either battery or vehicle power under field
conditions. A preliminary evaluation indicates that it is
particularly useful for iii situ determination of gamma
emitters with energies above several hundred keV. It has
already proved to be very useful for defining a 60 C o

plume (see Section 3.16.1.4).

Near the end of the quarter, the detector was returned
to the manufacturer to have a larger germanium crystal
installed. After it is returned it will be calibrated so
that quantitative measurements can be made.

3.26 SPECIAL MONITORING - E.L. Cooper, G. Lahaie and D.E. Clegg

The investigation into the sources of minor
contamination in part of the storm sewers system at CRNL
continued during the quarter. A possible source has been .
identified and some excavation has taken place. An
additional access point in the system has been created and
samples are now being obtained from it.

The samplers being used in this investigation consist
of ion exchange resins held in nylon mesh bags. Further
testing of these samplers has been carried out in the
Process Sewer where the concentrations of radionuclides are
more predictable. In the original samplers, a mixture of
AGlx2, AG50Wx8 and Chelex 100 (2.5 g wet weight of each)
was used. A mixed anion and cation charger, AG 501
(5 g wet weight) has been substituted for the AGlx2 and
AG50Wx8 in the latest samplers. The AG501 is not only
easier to dispense, it also provides a visual indication
when it is exhausted. The samplers show a good affinity
for isotopes of Ce, Mo, I, Ru, Ba, Zr and Co. The
affinity for isotopes of Cs appears to be quite variable.



- 58 -

3.27 TRITIUM SURVEY - E.L. Cooper and G. Lahaie

Average concentrations of tritium in streams within
the CRNL exclusion area are given in Table 3.27 together
with the amount released during the 3rd quarter of 1981.

TABLE 3.27 Tritium in Streams in the Exclusion Area
Third Quarter 1981

Concentration Quarterly Release

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

0.052

0.019

0.133

0.189

6.45

i"1 kBq>L

1.9

n
" 1

0.7

4.9

7.0

Ci

7.0x102

1.2

26

84

2.4xlO2 2.2xlO2

GBq

2.6x104

40

9.6xlO2

3.1x103

80

Percent
of

3.0xl0-2

5.1xl0-5

1.1x10-3

3.8x10-3

l.OxlO"2

lDRL=Derived Release, Limit - DRL values Der quarter have been
calculated from the DRL's\given in AECL-7243.

2Duke Stream discharges int^ Maskinonge Lake; all other
streams flow directly to the Ottawa River.

3.28 SURVEY SUMMARY - E.L. Cooper

These surveys have\shown\that in all cases the
radioactivity released in liquid effluent either directly
or indirectly to the Ottawa River has been less than 1%
of the Derived Release Limit (DRL). Thus no significant
effect on the environments resulting from operations at
CRNL has been detected.
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3.29 PUBLICATIONS

LEE, D.R., BARRY, P.J., "An evaluation of methods for
measuring the groundwater contribution to Perch Lake",
Restoration of Lakes and Inland Waters (Proc. Int. Symp.
Portland, Maine, 8-12 September 1980) Environmental
Protection Agency, Rep. EPA 440/5-81-010 (1981).

MERRITT, J.S., MERRITT, W.F., SMITH, L.V., RUTLEDGE, A.R.,
Noble-gas Standards for Calibration of Stack-Effluent
Monitoring Systems, Atomic Energy of Canada Limited,
Rep. AECL-7427 (1981).

KILLEY, R.W.D., "A large scale tracer test in porous
media: Plans and objectives", (Proc. Eleventh Waste
Management Information Meeting, Pinawa, Manitoba,
22-23 September 1981) Atomic Energy of Canada Limited,
Report TR-180 (1981).

3.30 VERBAL PRESENTATIONS

3.30.1 Presented Papers

CHAMP, D.R., "Determination of the elemental composition
and physical characteristics of sub-micron environmental
particulates", Analytical Chemistry Related to Canada's
Nuclear Industry (Workshop St. Jovite, Quebec,
19-21 October 1981).

COOPER, E.L., McHUGH, J.O., "Migration of radio-
contaminants in a forested wetland on the Canadian
shield: Nuclide speciation and arboreal uptake".
Biological Availability of Trace Metals (21st Hanford
Life Sciences Symp. Richland, Washington, 4-8 October 1981)

COOPER, E.L., "Selecting the optimum sample: Two examples
of monitoring for radionuclides", Analytical Chemistry
Related to Canada's Nuclear Industry (Workshop
St. Jovite, Quebec, 19-21 October 1981).

McHUGH, J.O.,"A study of radionuclide spejiation in
groundwater recharge from a liquid waste management
area", Analytical Chemistry Related to Canada's Nuclear
Industry (Workshop St. Jovite, Quebec, 19-21 October
1981).
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3.30.2 Lectures and Seminars

CHAMP, D.R., Studies on the Environmental Behaviour of
Radionuclides at the Chalk River Nuclear Laboratories.
Dept of Civil Engineering, University of British
Columbia, 25 November 1981.

CORNETT, R.J., Oxygen Consumption in the Hypolimnion.
Canada Centre for Inland Waters, 2 December 1981.

CORNETT, R.J., The Prediction and Interpretation of
Hypolimnetic Oxygen Deficits. McGill University,
4 December 1981.

MERRITT, W.F., Movement of Radionuclides on Particles in
Groundwater Systems, WNRE, Pinawa, 19 November 1931.

3.30.3 Other Talks

CHAMP, D.R., CRNL Research Activities. Visit of Dr.
David Suzuki, CBC, to CRNL 10 November 1981.

CHAMP, D.R., Environmental Issues. Visit of Medical
Residents, University of Ottawa, 4 December 1981.

CHAMP, D.R., Participant in TV phone-in program on
Nuclear Energy. B.C. Institute of Engineering
Technology, Knowledge Network Program, Vancouver, B.C.,
24 November 1981.

MERRITT, W.F., The Cleanup at Enewetak; Paradise Lost?
Deep River Science Association, September 1981.
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff

4.2 Alms of the Branch

4.3 Notes on Units and Glossary of Terms

4.4 Further Studies on ta vitro Radiosensitivity in Members of a Leukemia
Family

4.5 Studies of the Mechanism by Which Superoxide Anion and Hydrogen
Peroxide Lead to DNA Damage in Human White Blood Cells

4.6 DNA Damage by a Tumor Promoter, Benzoyl Peroxide

4.7 Photoreactivation of Bacteriophage T4

4.8 Analysis of Carcinogen-Modified DNA Bases in Human Cells

4.9 Analysis of Pyrimidines in Bacteriophage T4 by Ion-Exclusion High
Performance Liquid Chromatography

4.10 Hyperthermia-Induced DNA Damage in Human White Blood Cells

4.11 Aqueous Electron Damage in Repair Deficient Yeast

4.12 Assessment of Radiation Hazards to Human Populations

4.13 A Comparative Study of Carcinogenesis by Different Types of Ionizing
Radiation

4.14 Biological Consequences of Near UV-Induced Inactivatlon of DNA Repair
Capacity

4.15 Effects of Aphidicolin on Ataxia Telangiectasia (AT) Cells

4.16 Modified Bases in Yeast DNA

4.17 Low Dose-Low Dose ^ate Genetic Studies in Yeast

4.18 Follow-up of Past CRNL Employees

4.19 Publications

4.20 Verbal Presentations

4.20.1 Lectures or Seminars
4.20.2 Local Talks
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Branch Head - D.K. Myers

Professionals

H.C. Birnboim

J.D. Childs

N.E. Gentner

N.J. Gragtmans

R.E.J, Mitchel

D.P. Morrison

D.K. Myers

M.C. Paterson
N.T. Bech-Hansen2

P.J. Smith2

P. Unrau

Assistants

J.J. Jevcak
A.G. Knight

R. Pilon

L.D. Johnson

K.M. Baird

T. Hamilton

M.M. Werner
A. Lenke (Clerk)

D.A. Adams
P.A. Knight
S.J. MacFarlane2

R.S. McWilllams3

B.P. Smith
E.A. Stewart"* (Secretary)
B.M. Zohr

M.C. Wolfgram

Branch Secretary

B.C. Gillies

Animal House

B.A. Ruhnke (Supervisor)
J.W. Murphy (Laboratory Attendant)
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Permanent Employee as of 1981 December 01.

2
Attached Staff under contract with the U.S. National Cancer Institute Contract

No. N01 81002 (REP No. NCI-CP-FS-81002-65).

3Extended term as Summer Student until 1981 November 30.

Temporary Employee as of 1981 October 28.
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4.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed towards
improving our understanding of the effects of ionizing radiation on
living cells and of the response of cells to this challenge. Since it
is generally believed that, in terms of mutagenic and carcinogenic
hazards, the most critical target in cells is DNA (the carrier of
hereditary information), much of the emphasis of our research program
deala directly or indirectly with DNA. We have studied the nature of
DNA damage from exposure to radiation and cancer-causing chemicals and
the enzymatic "repair processes" which help to protect cells from these
insults. It is hoped that our studies at the molecular and cellular
level, together with studies using whole animals, will provide an
improved basis for predicting effects of radiation on human
populations.

4.2 NOTES ON UNITS AND GLOSSARY OF TERMS

Note on units used:

1 Gy - 100 rads

1 MBq - 0.027 mCi

Glossary of specialized terms:

Colony forming ability - a method of determining the number of viable
cells in a suspension by counting the number of cells which have
the ability to grow into a visible clump (colony) when spread on a
flat surface.

Phenotype - the detectable expression of the genetic information
(genotype) in a living organism. For example, some genetic
Information is present in cells but not expressed and therefore
not directly detectable in that individual, but may be detected in
a parent, sibling or progeny.

Photoreactivation - process by which cells recover viability (after
initially being damaged by UV light) when subsequently exposed to
higher wave length UV light.

Tumor promoter - an agent (such as a chemical) which has the ability to
increase the yield of tumors ("promote") under conditions where a
low number of tumors (cancers) would otherwise develop; it alone
will not initiate the. development of tumors.
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4.4 FURTHER STUDIES ON IN VITRO RADIOSENSITIVITY IN MEMBERS OF A LEUKEMIA
FAMILY
- N.T. Bech-Hansen, B.M. Zohr and M.C. Paterson

We have earlier reported the association of jtn vitro
radiosensitivity and cancer in a family with acute myelogenous leukemia
(AML) (Cancer Ree. ̂ 1: 2046-2050, 1981). The familial trait for
predisposition to leukemia and other cancers segregate on the maternal
side of this family. With an interest in knowing how useful in vitro
radiosensitivity may be as a predictive marker of cancer proneness, we
have looked at strains from three additional members of this family;
two maternal uncles - one clinically normal (2880T), the other with a
non-leukemic cancer (2882T) - and one maternal aunt with breast cancer
(AG3778). n̂_ vitro radiosensitivity was measured in a
colony-forming-ability assay using °°Co Y-rays at doses of 1 to 8
Gy. Clinically normal control strains showed a mean D^g value
(dose in Gy for 10% survival) of 4.02 ± 0.14 while the three
experimental strains had D10

 v*lues of 2.05 ± 0.11, 3.49 ± 0.26
and 3.96±0.09 for 2880T, 2882T and AG3778, respectively. Evidently
breast cancer in the maternal aunt (AG3778) developed in the absence of
the "leukemia" factor while there is a marginal expression of the
factor in the uncle with cancer (2882T). The striking expression of
impaired colony forming ability by the strain from the normal uncle is
fascinating; his level of Jji vitro radiosensitivity is nearly as low as
that of strains from individuals with ataxia telangiectasia, a life
threatening disorder usually leading to death by the third decade of
life. The normal uncle was age 52 at the time of biopsy. His clinical
status is being reassessed.

Two additional members of this "leukemia" family have recently
developed AML and will be biopsied for investigation by this
laboratory. Biochemical studies are continuing in an effort to
elucidate the molecular basis of the enhanced radiosensitivity of
strains from this cancer-prone family.

4.5 STUDIES OF THE MECHANISM BY WHICH SUPEROXIDE ANION AND HYDROGEN
PEROXIDE LEAD TO DNA DAMAGE IN HUMAN WHITE BLOOD CELLS
- H.C. Birnboim, J. Jevcak and A. Knight

Our previous studies have indicated that stimulation of the
respiratory burst in human white blood cells (WBC) by a tumor promoter,
phorbol myristate acetate (PMA), leads to the production of extensive
DNA strand break damage. Both superoxide anion and hydrogen peroxide,
generated by the respiratory burst, are Implicated in the production of
DNA damage since damage is decreased by adding either superoxide
dismutase (to convert O2 to H2O2) or catalase (to convert H2O2
to H2O and O2") • We have attempted to develop another model system
for generating 0^ since the complexity of the PMA-induced respiratory
burst makes interpretation of some of the studies of 0 2 difficult.
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Thus far, dialuric acid, potassium superoxide and hypoxanthine/xanthlne
oxidase were tested as exogenous generators of 0^ . _In all cases, DNA
damage was observed but H2O2 al°ne (i.e., notc£ or Ĉ  and IH-iPt
together) seemed to be implicated since cellular DNA was protected by
catalase but not by superoxide dismutase. Since 02 is an unstable free
radical which ca_n convert spontaneously to ̂ ^Z' generating a high
enough flux of 0 without high levels of H2O2 seems to be
difficult. These studies are continuing.

4.6 DNA DAMAGE BY A TUMOR PROMOTER, BENZOYL PEROXIDE
- H.C. Birnboim, M.C. Wolfgram and J.J. Jevcak

Benzoyl peroxide is used in organic chemistry as a free-radical
generating reagent. It is also the active agent used in pharmaceutical
preparations for treatment of acne. Recently this agent has been shown
to be an efficient tumor promoter, but not tumor initiator, wher
applied to the skin of mice. The mechanism of tumor promotion is
currently not known. We have postulated that DNA strand break damage
occurs indirectly when phorbol myristate acetate, a very potent tumor
promoter, is applied to the skin of mice. We have now shown that
benzoyl peroxide, when added to human white blood cells, can cause
extensive DNA damage, about 2-4 times more effectively than hydrogen
peroxide. This observation supports our model in which DNA strand
break damage (i.e., clastogenic damage) is an essential step in the
phenomenon of tumor promotion.

4.7 PHOTOREACTIVATION OF BACTERIOPHAGE T4
- J.D. Childs and R. Pilon

We have previously shown that pyrimidine dimers containing
glucosylated 5-hydroxymethylcytosine (G5HMC) cannot be photoreactivated
in vitro whereas pyrimidine dimers containing non-glucosylated 5HMC can
be photoreactivated. We have further shown that both G5HMC- and
5HMC-containing dimers are formed in appreciable yield at 300-320 nm
but not at 254 nm. If 5HMC- and G5HMC-containing dimers are important
lethal lesions then it should be possible to detect differences in t' e
effect of photoreactivation in vivo on survival at different
wavelengths using different T4 mutants.

For these experiments we are using the following strains: wild
type (WT), WT*, qgt ggt, denV, denV* and denV qgt ggt. (WT contains
G5HMC in its DNA. WT* and denV* are not glucosylated as the host in
which they are grown lacks uridlne diphosphoglucose, the substrate for
glucosylatioT), and otgt ftgt is also not glucosylated due to mutations in
the a and 0 glucosyl transferase genes. denV mutants are unable to
excise pyrimidine dimers from their DNA and are therefore UV
sensitive.) We have all of these mutants in our collection except for
denV ctgt ggt, which was constructed by the appropriate crosses.
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The UV sensitivity of each of these mutants has been determined
and it has been found that agt ggt is intermediate in its UV
sensitivity between denV and WT at both 254 and 313 nm. This finding
was unexpected as previous experiments indicated that WT* was slightly
UV resistant compared to WT. As both WT* and qgt ggt are
non-glucosylated their UV sensitivity should be similar. This suggests
that qgt ggt may carry a secop-lary mutation conferring UV sensitivity.
We intend to check this by backcrossing qgt ggt to WT and the use of
independently isolated qgt and ggt mutations. Experiments are also
being carried out to determine the optimum conditions for
photoreaetivation ̂ n vivo.

4.8 ANALYSIS OF CARCINOGEN-MODIFIED DNA BASES IN HUMAN CELLS
- N.E. Gentner and L.D. Johnson

Chemical carcinogens may react with DNA to form a variety of
altered bases. Of these, the repair of one (or a limited number) may
be especially critical in normal human cells or repair of a particular
lesion may be abnormal in cells from individuals with certain
hereditary diseases displaying cancer-proneness and
carcinogen-hypersensitivity. We are developing the mildest possible
hydrolysis conditions with which to obtain altered species
representative of those present iji situ.

4.9 ANALYSIS OF PYRIMIDINES IN BACTERIOPHAGE T4 BY ION-EXCLUSION HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY
- N.E. Gentner, P. Unrau, L.D. Johnson, J.D. Childs and R. Pilon

On further characterization of the modified bases present in
bacteriophage T4 DNA, it was observed that the particular HCOOH
hydrolysis conditions employed affect the amounts of M5C-like
material present, but not the yield of C. We have shown the
conversion, during acid hydrolysis, of 5-hydroxymethylcytosine (HMC) to
a small amount of material running with M5C mobility and to a number
of other slowly elutlng species. The extent of such conversion of HMC
can be substantial. We think that the M5C-like material is derived
from HMC under the hydrolysis conditions employed (and is not
originally present in T4 DNA) but. that C, the yield of which is
relatively constant irrespective of hydrolysis time, probably
represents a true minor base in T4 DNA. Further experiments to
characterize mild hydrolysis conditions are being performed.

4.10 HYPERTHERMIA-INDUCED DNA DAMAGE IN HUMAN WHITE BLOOD CELLS
- R.E.J. Mitchel, H.C. Birnboim, M. Plattner and J. Jevcak

Hyperthermia (heating of cells at temperatures of 41-4 6°C) is
being increasingly used In recent years in the treatment of cancer
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because/ it appears to act synergistically when used in conjunction with
radiation. The mechanism of this action is unknown but hyperthermia is
now widely studied in many different laboratory model systems. We have
begun an investigation to determine if hyperthermia leads to the
production of detectable damage to the DNA within human white blood
cells. Freshly collected blood samples (50 mL) from human volunteers
working in the Health Sciences Division were used as a source of cells.
Total white blood cells, isolated after ammonium chloride treatment to
remove red cells, were suspended in a physiological salt solution and
subjected to hyperthermia. D M strand break damage was detected. The
amount of damage increased with increasing temperature in the range of
37°C to 45°C and with increasing times up to 90 min. For example,
heating at 45°C for 30 min produced a number of strand breaks
equivalent to a ^Co-gamma ray dose of about 2 Gy. Following
exposure to ""Co-gamma rays, we have observed rapid rejoining of
strand breaks in these cells during post-treatment incubation at 37°C,
as has been commonly observed with other cell types and DNA damaging
treatments. In marked contrast, we found that D M strand breaks
introduced by hyperthermia were not rejoined during post-treatment
incubation at 37°C. No loss of viability occurred during hyperthermia,
as judged by a dye-exclusion test, ruling out the possibility that
gross cellular damage was responsible for the observed DNA damage.

4.11 AQUEOUS ELECTRON DAMAGE IN REPAIR DEFICIENT YEAST
- R.E.J. Mitchel, D.P. Morrison, K. Balrd and T. Hamilton

Cur earlier results have demonstrated that aqueous electrons (eaq)
generated from the radiolytic decomposition of water are able to damage
the genetic material of Saccharomyces cerevisiae, and that the repair
of these lesions requires the presence of a functional recombinational
repair system. In yeast strains sensitive to ionizing radiation due to
a defect in recombinational repair, e~ are as damaging as hydroxyl
radicals (0H>). A second class of mutants, sensitive to radiation but
proficient in recombinational repair, is now being examined for the
ability to repair eaq damage. We have found that competence for repair
of damage by this radical depends upon at least two factors, the
location of the cell in its divisional cycle at the time of exposure
and the length of time allowed after exposure before cell division is
required. In all cases repair of e^q damage occurred only when cells
were in a state which allowed recombination. It appears therefore that
in this lower eukaryote, these particular radiation-induced lesions are
specifically recognized and repaired by the recombinational repair
systems.

4.12 ASSESSMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS
- D.K. Myers

The major effort in this area during the past quarter has been
devoted to preparation of a revised document entitled "Lo^-level
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radiation: a review of current estimates of hazards to human
populations". The final version of this revision has been prepared.
Further effort has also been directed to estimates of the hazards of
inhalation of radon daughters.

4.13 A COMPARATIVE STUDY OF CARCINOGENESIS BY DIFFERENT TYPES OF IONIZING
RADIATION
- D.K. Myers, J.R. Johnson* and N.J. Gragtmans

Measurements of tritium levels In animals injected with tritiated
water (HTO) were described in detail in the last quarterly progress
report (section 4.15 in PR-HS-9). Since that time, measurements of
tritium in urine have been extended out to 357 days in two groups of
rats and to 287 days in another two groups of rats. The results
confirmed the previous conclusion that 49 days wac a reasonable
estimate of the half-life of the long-lived component of the urine
tritium. No further tritium measurements are planned.

Doses to the animal tissues were calculated from measured
concentrations of (a) tritium in urine (taken to represent body water;
this was confirmed by the fact that average tritium levels in urine and
serum were identical), (b) bound tritium levels in liver and kidney,
and (c) tritium levels in the large lipid droplets found in the mammary
tissue. Because the lipid in mammary tissue constitutes a major
proportion of total mammary weight and because tritium levels in
mammary lipid were so high (see section 4.15 in PR-HS-9), measurements
of bound tritium in other cellular components of the mammary tissue
could not be estimated accurately; therefore data from liver and kidney
were used for this component. Measurements of tritium in urine were
made on days 1, 3, 5 and 7 after the first :' jection of HTO in two
groups of animals; these measurements indicated averages of 5.1 and 2.1
MBq/mL over the first 8 days in animals injected with a nominal 3.7 and
1.78 MBq/g body weight, respectively. Average levels in the body water
of the other two groups of animals during the first 8 days after the
first injection were estimated by extrapolation from the above values.
Radiation doses from tritium in urine at various times after the last
injection were calculated both from the linear regression analyses on
normalized tritium levels for all four groups combined and from the
curve-fitting program (see section 4.15 in PR-HS-9) carried out for
tritium levels in each of the four separate groups; the final values
calculated by the two methods agreed within ^3%. The radiation doses
given in subsequent tables are based on the values derived by the
curve-fitting program for each Individual group of animals.

Table 1 shows accumulated doses in the animals that were nominally
.njected with 3.7 MBq/g body weight, where day 0 at the time of the
last injection represents day 8 after the first injection.
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The following assumptions were used to estimate total radiation
dose to cells in the mammary tissue: (a) These cells contain about 78%
by weight of water, as do many other soft tissues in the body (see data
for brain, intestine, kidney, lung and muscle in ICRP Publication 23,
19 75); thus all doses in column "a" below should be multiplied by 0.78
to calculate the dose to cells, (b) The radiation dose from non-lipid
bound tritium in mammary cells will be the same as that in liver and
kidney on the average; thus no correction need be applied to the doses
given in column "b" below, (c) Only a portion of the beta-radiation
from the llpid droplets in the mammary tissue will reach the cells
which eventually develop into tumors. It is probable, on the basis of
earlier reports, that about 30% of the tumors will develop from
glandular (acinar) cells in the mammary gland; this number will be
re-checked when all of the mammary tumors in the present study have
been classified histologically. On the basis of the spatial
relationships indicated in Fig. 11 of S. Young and R.C. Hallowes,
Tumors of the mammary gland (jLn Pathology of Tumors in Laboratory
Animals, Vol. 1, Part 1, IARC, 1973), which resemble those seen in our
own histological sections, it is unlikely that any appreciable fraction
of the nuclei of these acinar cells will be reached by beta-particles
with a range of 0.8 ym originating in large lipid droplets in the
mammary tissue. The other 70% of the tumors will probably develop from
connective tissue cells which are in much closer contact with the lipid
droplets and which will be exposed to some appreciable but unknown
fraction cf the beta-particles from this source. On this basis, it
seemed reasonable to include a fraction between 0% and 50% of the
radiation dose froa the lipid (column "c" below) in the total dose to
the cells in the mammary tissue. This produced a range of values for
total estimated dose to cells (see last column of Table 1); the upper
and lower limits of this range differ by about 7%.

Table 1

Days after
last
injection
of HTO

0
2
6
10
20
50
100
365

(a)
Gy per mL
body water

3.22
4.14
4.92
5.17
5.29
5.31
5.32
5.32

Accumulated doses
(b)

Gy per g soft
tissue from
non-lipid
bound tritium

0.03
0.04
0.07
0.08

oai
0.15
0.15
0.16

(c)
Gy per g
mammary

Estimate of total
dose to acinar and
connective tissue

cells in the
tissue from mammary tissue

lipid tritium

0.06
0.09
0.15
0.20
0.29
0.47
0.56
0.59

2.54-2.57
3.24-3.29
3.91-3.98
4.12-4.22
4.24-4.39
4.29-4.53
4.30-4.58
4.31-4.61
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Some 75% of the final accumulated tritium dose to cells in the
mammary tissue has been received within two days after the last
injection (Table 1), i.e. within ten days after the initial injection.
Thus it appears reasonable to compare effects of tritium following HTO
injections and effects of X-radiation delivered over a ten day period.
Total accumulated doses in the four groups of animals injected with HTO
are summarized in Table 2,

Table 2

Nominal level of HTO during
initial treatment

Estimate of accumulated
dose to mammary cells
over first 50 days
after treatment

0.44 MBq/g
0.89 MBq/g
1.78 MBq/g
3.7 MBq/g

0.51-0.54 Gy
1.02-1.07 Gy
1.82-1.92 Gy
4.29-4.53 Gy

We are continuing to score the appearance of mammary tumors in the
various groups of rats. The data up to about 300 days after the
initial treatnents (rats 350 days of age) are summarized in Table 3.
Since it is already evident that the number of tumors will increase
roughly 50% with another 80 days of follow-up, precise figures on
tumors per rat-year at risk will not be calculated until some time in
the near future when more tumors have accumulated. The data in the
las*: column of Table 3 should therefore not be considered to be
-nything more than a preliminary indication of results.

The preliminary data are however sufficient to suggest that (a)
this experiment should provide a reasonable estimate of the relative
biological effectiveness of tritium beta-rays compared to 200 kV
X-rays, (b) the biological effects of beta- and X-rays will probably be
similar, and (c) no reliable comparison with the effects of cobalt-60
gamma-rays can be derived from the study.

Fart of the financial support for the above study is being
provided by Ontario Hydro.

*Biomedical Research Branch
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Table 3

Treatment

Controls
0.44 MBq HTO/g (0.5 Gy)
0.89 MBq HTO/g (1 Gy)
1.78 MBq HTO/g (1.9 Gy)
3.7 MBq HTO/g (4.4 Gy)
0.29 Gy chronic X-ray
0.57 Gy chronic X-ray
1.1 Gy chronic X-ray
2.0 Gy chronic X-ray
0.57 Gy acute X-ray
1.78 Gy acute X-ray
0.64 Gy acute gamma
0.93 Gy chronic gamma

Initial No.
of rats at

risk

199
110
113
120
119
119
120
120
120
120
112
119
119

No. of
rats
with
tumors

10
14
22
32
58
15
20
22
45
22
44
13
5

Total
No. of
tumors

13
18
23
40
84
17
21
28
57
27
56
13
5

Preliminary
estimate of
excess tumors
in 300 days
per 100 rats

at risk

0
10
14
27
64
8
11
17
41
16
43
4
-2

4.14 BIOLOGICAL CONSEQUENCES OF NEAR UV-INDUCED INACTIVATION OF DNA REPAIR
CAPACITY
- P.J. Smith, D.A. Adams and M.C. Paterson

We have continued our studies cm the damaging effects of long
wavelength UV radiation on human cells by studying the consequences of
interactions between near (365 nm) and far (254 run) UV-induced cellular
damage.

We have confirmed directly that 365 nm UV radiation inhibits DNA
excision repair functions (assayed by UDS technique). Normal cells
were exposed to various fluences of 365 nm UV radiation prior to 254 nm
UV-irradiation (15J-mA The results indicate that 365 nm UV
fluences of 4 x 105J-nT and above, significantly inhibit (> 50%)
repair capacity during a 3 h post-irradiation incubation period.

To understand the consequences of repair inhibition we measured
the 254 nm UV survival capacity of cells pretreated with 4 x 105

J'Si 365 nm UV radiation. Interestingly, a sensitization effect
was not observed; indeed long wavelength UV irradiation appeared to
slightly enhance 254 nm UV survival. We conclude that inhibition of
DNA repair by 365 nm UV radiation does not greatly modify the UV
sensitivity of normal cells probably because other cellular functions
(e.g. cell cycle progression and DNA replication) are similarly
affected and eventually recover in parallel with repair capacity.
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These studies are to be extended to genetic situations in which
sunlight-induced cellular damage is a factor in predisposition to skin
cancer.

4.15 EFFECTS OF APHIDICOLIN ON ATAXIA TELANGIECTASIA (AT) CELLS
- P.J. Smith, D.A. Adams and M.C. Paterson

Recently, we have reported a new laboratory feature of AT cell
strains, namely the resistance of d£ novo DNA synthesis to the
inhibitory action of X- or Y-irradiation. This laboratory phenotype
appears to be damage-specific, suggesting that the cellular defect may
be due to the disruption of normal interactions between DNA repair
functions and the replication complex. Alternatively, it has been
suggested that the replication complex may be defective such that AT
cells demonstrate increased cell killing following irradiation due to
the premature commitment of cells to either S phase or mitosis before
DNA repair processes have acted to restore DNA structural integrity and
coding fidelity. Furthermore, the second model suggests that the toxic
effect of radiation on AT cells may be reduced by imposition of an
artificial block to DNA synthesis and cell growth during the critical
post-irradiation period. We report here an attempt to investigate the
above model using the unusual antibiotic, aphidicolin (APC) and two AT
cell strains (AT3BI and AT5BI).

APC selectively inhibits polymerase <* of human cells thereby
preventing de_ novo DNA synthesis but not (as shown previously - Section
4.12 in PR-HS-9) interfering with DNA repair processes. In contrast to
ionizing radiation, normal and AT cells demonstrate equivalent
sensitivity to the inhibitory action of APC on de novo DNA synthesis,
and upon removal of the antibiotic both cell types demonstrate prompt
and similar patterns of recovery of synthesis.

Interestingly, both AT cell strains showed a 10-fold increase in
cell killing compared to normal cells when unirradiated cells were
exposed to APC for 48 h although we established that an APC treatment
regimen of 0.2 ug/mL for 24 h is capable of efficient inhibition of de
novo DNA synthesis with minimal cytotoxicity. APC was found to have no
significant effect on the hypersensitive radioresponse of AT cells.

We suggest that inhibition of de novo DNA synthesis per se is not
sufficient to protect AT cells from Y-ray induced killing. The results
are consistent with a predominant effect of defective DNA repair
processes in directing lethality and the continued expression of de
novo DNA synthesis following radiation treatment of AT cells.

4.16 MODIFIED BASES IN YEAST DNA
- P. Unrau and N.E. Gentner

We have demonstrated that the 5-methylcytosine (M^C) present in
nucleic acid preparations from S. cerevisiae originates in tRNA, as



- 78 -

shown by differential phenol-solubility of RNase-sensitive
M5C-containing materials (Holley procedure). This result suggests
that previous reports (see, e.g., Hattman) of modified DNA bases in S.
cerevisiae are in error. However, in _S_. pombe, material
chromatographing as M5C has survived NaOH digestion and extensive
RNase treatment, which leaves open the possibility that these two
repair-proficient yeast strains differ.

No evidence for the presence of modified adenine residues has been
observed for yeast DNA, though further experiments are In progress.
There is evidence of long-term association of DNA with protein in our
extractions, and experiments to characterize the association are in
progress.

Tha nucleic acid analysis procedures developed during this
program are being applied to suitably labelled human cell DNA.

4.17 LOW DOSE-LOW DOSE RATE GENETIC STUDIES IN YEAST
- P. Unrau and M.C. Wolfgram with the assistance of A. Arneja*

Preliminary experiments with 14 MeV neutrons over the range
0.25-50 Gy, with 60Co Y~rays, and with 150 kV X-rays, suggest that
dose responses for gene conversion are largely linear within this
range. Furthermore, there is a marked oxygen effect with an O.E.R. of
2.5-3 for the X- and Y-rays. While there is an oxygen effect with
neutrons it is much less marked with an O.E.R. of the order of 1.5-1.8
fold. Effects of cell cycle or storage conditions are being studied
and a series of low dose experiments is in progress. Populations are
being prepared for reversion analysis.

*Health Physics Branch

4.18 FOLLOW-UP OF PAST CRNL EMPLOYEES
- M.M. Werntr, D.K. Myers and D.P. Morrison

The Employee Identification Summary (E.I.S.) forms for all past
employees (with the exception of senior staff) will probably be
completed by the end of December. The Office Services Branch staff
members, M. Hanlon and C. Jones, have had the responsibility for this
task. The radiation dosimetry records have been noted on the E.I.S.
forms by Mrs. A. Lemke. The presence of a bioassay record and
participation in the clean-ups following the incidents in 1952 and 1958
have also been noted on the E.I.S. forms. The forms are being sent to
Whiteshell for entry on machine-readable records.

The information required foi the study of the (approximately) 480
employees known to have died is nearly complete and is being analysed.
Preliminary results show that the death rate and the causes of death
are similar to those of the Ontario population for the same period.
The comparison of ages at death has yet to be completed.
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This work is part of a study of '-he health of AECL employees which
is being coordinated by Dr. J.L. Weeiis, WNRE.

4.19 PUBLICATIONS

J.D. Childs: A comparison of the genetic and somatic risks to man from
ionizing radiation. Third International Conference on
Environmental Mutagens, p.48, 1981, Abstract,

M.J. Ellison and J.D. Childs: Pyrimidine Dimers induced in Escherich. a
coli DNA by ultraviolet radiation present in sunlight. Photochem.
Photobiol. _34: 465-469, 1981.

N.E. Gentner: Synergistic inactivation on combined UV/y-ray exposure
with respect to inactivation and mutation induction in Rad
Schizosaccharomyces pombe. Third International Conference on
Environmental Mutagens, Tokyo, Japan, p. 63 (1981), (Abstract).

R.E.J. Mitchel, P. Unrau and D.P. Morrison: A comparison between cell
killing and genetic damage in yeast irradiated in the presence of
various concentrations of molecular oxygen. In "Oxygen and
Oxy-Radicals in Chemistry and Biology", p. 703-704, Academic
Press, 1981.

R.E.J. Mitchel: The arrhenius plot behaviour of a y-radiation
releasable, membrane-bound exonuclease. Radiation Res. 88:
426-429, 1981.

R.E.J. Mitchel and D.P. Morrison: A comparison between oxygen
modification of free radical dainp̂ e resulting in lethality or gene
conversion in Saccharomyces cerevi&iae. Radiation Res. 87:
499-500, 1981, Abstract.

4.20 VERBAL PRESENTATIONS

4.20.1. Lectures or Seminars

H.C. Birnboim: New fluorescent method for detecting DNA damage in
human cells and its application to the study of tumor
promoter-induced damage. Invited speaker at Active Oxygen and
Medicine Symposium, Winnipeg, Manitoba, 1981 October 30.

H.C. Birnboim: Study of tumor promoter-induced DNA damage in human
white bloc' cells. Presented at the Cross Cancer Institute,
Edmonton, . .berta, 1981 November 02.

H.C. Birnboim: A sensitive fluorescent technique for detecting DNA
strand breakage in unlabelled mammalian cells; application to the
study of the tumor promoter, phorbol myristate acetate. Presented
at the British Columbia Cancer Research Centre, Vancouver, British
Columbia, 1981 November 04.
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N.E. Gentner: Radiation and the origin and evolution of life. Invited
talk to Carleton University Biology Society, Ottawa, 1981 November
18.

D.K. Myers: Review of Epidemiological Studies on Hazards of Radon
Daughters. Presented at the International Conference on Radiation
Hazards in Mining, Golden, Colorado, 1981 October 07.

D.K. Myers: Biological Effects of Ionizing Radiation. Presented at
the Uranium Mine Inspectors Training Course, Elliot Lake, Ontario,
1981 October 20.

D.K. Myers: Epidemiological Studies Among Miners. Presented at the
Uranium Mine Inspectors Training Course, Elliot Lake, Ontario,
1981 October 20.

D.K. Myers: Health Effects of Energy Development. Presented at
Concordia University, Montreal, Quebec, 1981 November 18.

M.C. Paterson: Xeroderma pigmentosum and ataxia telangiectasia: Two
inherited cancer-prone disorders involving anomalous DNA repair,
primary discussant in Session I, DNA Repair Processes, at the
Cytogenetics and Somatic Cell Genetics of Malignancy Workshop,
National Institute of Cancer, Bethesda, Md., 1981 November 09-10.

M.C. Paterson: Environmental and T <>reditary interactions in the
causation of human cancer. Presented to the Biology Department,
York University, Downsview, Ontario, 1981 November 12.

M.C. Paterson: Environmental and hereditary interactions in cancer
causation. Presented to the Department of Biological Sciences,
Concordia University, Montreal, Quebec, 1981 December 04.

M.C. Paterson: Hereditary cancer-prone disorders, carcinogen
hypersensitivity and defective DNA repair. Invited participant to
the 84th Ross Conference on Pedlatric Research, "Chemical and
Radiation Hazards to Children", 1981 December 10-13.

4.20.2 Local Talks

J.D. Childs: Genetic effects of ionizing radiation. Presented to
visiting physicians from the University of Ottawa Medical School,
CRNL, 1981 Dec. 04.

N.E. Gentner: Radiation and life. Videotaped interview by D. Brown,
ICNRE Media Relations Officer, to be used as part of a series of
educational television programs to be broadcast on community
access TV stations, 1981 October 15.

N.E. Gentner: Biochemistry of repair of DNA damage. Presented to
Concordia University Chemistry students, CRNL, 1981 November 02.
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N.E. Gentnar: Cancer research. Presented to University of Ottawa
Medical Residents, CRNL, 1981 December 04.

R.E.J. Mitchel: Biological effects of radiation. Presented to
visiting physicians from the University of Ottawa Medical School,
CRNL, 1981 Dec. 04.

D.K. Myers: Radon and Lung Cancers in Uranium Miners. Presented at
the 23rd Annual Radiation Protection Course, CRNL, 1981 October
01.

D.K. Myers: Activities in Health Sciences Division. Presented to
Concordia students, CRNL, 1981 November 02.

D.K. Myers: Estimates of Radiation Hazards. Presented to University
of Ottawa Medical Residents, CRNL, 1981 December 03.

P.J. Smith: Melanoma: Environment, Genes and Immunity. Presented at
CRNL, 1981 August 13.
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by

J.R. JOHNSON
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5.4.2 Technetium-99

5.4.3 Radium-226

5.5 METABOLIC STUDIES

5.5.1 Carbon

5.5.2 Technetium

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Revision of AECL-6540

5.6.2 Alkaline Earth Elements

5.6.3 Iodine-129

5.6.4 Modelling of HT Gas Metabolism

5.7 PAPERS, REPORTS, PRESENTATIONS

5.7.1 Presentations



- 84 -

5.1 STAFF

Branch Head

Secretary

Professional

Technical

Clerical

J.R. Johnson

L.A. Kaden

G.H. Kramer
B.F. Peterman

D.F. Autayot
P.C. Beaulieu (Temp.)
I.M. Christiet
D.W. Dunford
S.E. Gardner (Mat. Leave)
A. Hesketh

M. Gresham (Part-time)

5.2 BIOASSAY LABORATORY

5.2.1 Notes to Tables 5.2.1.1 - 5.2.1.4

1) The term "positive" indicates samples that contained a
significant amount of a particular radioactive isotope. An
individual positive at a particular time is removed from
exposure to radioactive materials until subsequent analyses
show excretion has fallen to negligible levels.

2) This analysis measures total radioactive alkaline earth and
lanthanide radioisotopes.

3) It is assumed that tritium is in the oxide form.

4) Iodine analyses include 1-125 and all the iodine radionuclides
in fission products. A direct measurement of activity in the
thyroid is usually the criterion for removal of an individual
from work involving radioactive materials when exposure to
radioiodine has occurred. Bioassay tests for iodine are
used mainly to determine whether or not the radioiodine
content of the thyroid should be measured directly;
occasionally they are used as a criterion for removal from
work with radioactive materials, when a direct thyroid
measurement is not feasible.

5) Gamma-ray spectroscopy of raw bioassay samples for gamma-
emitting fission and activation products.

t Retired 1981 December 30
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6) a-emitting actinide analyses include plutonium, thorium,
americium, curium, as well as actinium.

7) Miscellaneous analyses included " C , 32P, 63Ni and N a tPb.

8) Total number of cases in a particular period showing a
clearly measurable, abnormal amount of radioactivity in the
urine. For radioiodines, this includes cases where thyroid
monitoring was requested because of high urinary excretion
or where more than 2 nCi (74 Bq) was present in thyroid.

5.2.2 Tritium Dose Reporting

The computer programs for maintaining the tritium dose files
and producing reports are being made interactive. This has resulted
in flexibility in data input and has helped to reduce data input
errors that have occurred from time to time.

5.3 IN VIVO MONITORING

5.3.1 In Vivo Monitoring Table - Table 5.3.1

5.4 RADIOCHEMICAL SEPARATIONS - G.H. Kramer

5.4.1 Bioassay Laboratory Methods Review

The review of the radiochemical methods currently used by the
Bioassay Laboratory is almost complete. The method used for uranium
(total alpha) remains to be tested. This will be done when manpower
becomes available. This review resulted in new methods being
developed for "Tc, 36C1, 32P, 35S and ""Ce. Work is continuing on
the sequential separation of the actinides.

5.4.2 Technetium-99

Although the previous progress report (PR-HS-9) described this
method as being complete, further work has been carried out to find
the source of the loss in the final recovery of Tc-99 (80 ± 4%). The
method was as previously described (PR-HS-8) but the gamma tracer,
Tc-95m, was used to monitor recoveries in each stage of the analysis.

The 20% loss of technetium could occur at any or a combination
of the following places in the analysis.

1. Vapourization during oxidation
2. Incomplete coprecipitation by CuS
3. Extraction by ion exchange resin
4. Incomplete extraction by 2-butanone



Table 5.2.1.1

Bioassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1981

B-emitters (2)

Tritium (3)

Iodine (4)

Y-em1tters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

SEPTEMBER

TOTAL

335
234

584
295

55
32

330
232

11
10

12
10

0
0

1327
24

Positive

Number

CM
 

r-
CO 

CM

0

o •
0

0
0

0
0

-

5
3.

(1)

%

0.6
0.4

0.5
0.7

0

0
0

0
0

0
0

-

0.4

TOTAL

211
163

470
239

23
18

217
162

10
7

11
8

3
2

945
20

OCTOBER

Positive

Number

0
0

0
0

0

0
0

0
0

0

0
0

0
0

(1)

%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

NOVEMBER

TOTAL

188
151

491
246

22
16

! 183
152

17
11

14
11

1
1

916
8

Positive

Number

0
0

0
0

O

0
0

0
0

0
0

0
0

G
0

! (1)

%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

TOTALS

TOTAL

734
548

1545
780

100
66

730
546

38
28

37
29

4
3

3188
52

Positive

Number

2
1

fO 
CM

0

0
0

0
0

0
0

0
0

5
3

' (1)

%

0.3
0.2

0.2
0.3

0

0
0

0
0

0
0

0
0

0.15



Table 5.2.1.2

Bioassay Analyses

PERSONNEL OF COMMERICAL PRODUCUTS

1981

g-emitters (2)

Tritium (3)

Iodine (4)

y-emitters (5)

Natural and Enriched
Uranium

a-enrltting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

SEPTEMBER

TOTAL

10
10

0
r>
•j

3
3

38
35

0
0

1
1

4
4

56
8

Positive (1)

Number

0
0

_

0

0
0

0
0

0
0

0
,0

%

0
0

0

0
0

0
0

0
0

0

OCTOBER

TOTAL

9
9

0
0

9
8

21
19

0
0

0
0

4
4

43
1

Positive (1)

Number ! %

0
0

0

0
0

0
0

0
0

0
0

0

0
0

0
0

0

NOVEMBER

TOTAL

7
7

0
0

8
7

11
11

0
0

0
0

6
6

32
9

Positive (1)

Number

0
0

0

0
0

0
0

0
0

%

0
0

0

0
0

0
0

0

TOTALS

TOTAL

26
26

0
0

20
18

70
65

0

°
1
1

14
14

131
18

Positive (1)

Number

0
0

0

0
0

0
0

0
0

0
0

%

0
0

0

0
0

0
0

0
0

0



Table 5 .2 .1 .3

Bioassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1981

0-ewitters (2)

Tritium (3)

Iodine (4)

Y-em1tters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

SEPTEMBER

TOTAL

0
0

8
5

0
0

0
0

0
0

0
0

0
0

8
0

Positive

Number

-

I
I 

OO

-

-

-

0
0,

(1)

*

-

I
I 

O 
O

-

-

-

-

0

OCTOBER

TOTAL
Positive (1)

Number

NO
SAMPLES
RECEIVED

IN
OCTOBER

%

NOVEMBER

TOTAL

4
4

5
4

0
0

4
4

0
0

0
0

0
0

13
0

Positive

Number

0
0

I
I 

OO

0
0

_

_

-

0
0

(1)

%

0
0

I
I 

C
O

0
0

-

-

-

0

TOTALS

TOTAL

4
4

13
9

0

o
4
4

0
0

0
0

0
0

21
0

Positive

Number

0
0

I
I 

O 
O

0
0

-

-

0
0

(1)

%

0
0

I
I 

OO

0
0

-

-

0



Table 5.2.1.4

Bioassay Analyses

1981 SUMMARY

(1980 December 01 to 1981 November 30)

6-emitters (2)

Tritium (3)

Iodine (4)

y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(9)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

CRNL

TOTAL

3083
2237

5270
2836

676
402

3185
2168

153
113

107
91

13
10

12487
112

Positive

Number

2
1

5
4

0

0
0

0
0

0
0

0
0

7
5

(1)

%

0.06
0.04

0.1
0.14

0

0
0

0
0

0
0

0
0

'0.06

COMMERCIAL PRODUCTS

TOTAL

113
117

1
1

181
136

303
271

14
10

1
1

120
92

733
85

Positive

Number

0
0

0
0

0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

OTHER

TOTAL

7
5

13
9

2
1

25
25

0
0

0
0

11
11

58
0

ORGANIZATIONS

Positive

Number

0
0

0
0

0

0
0

-

-

0
0

0
0

(1)

%

0
0

0
0

0

0
0

-

-

0
0

0

TOTALS

TOTAL

3203
2359

5284
2846

859
539

3513
2464

167
123

108
92

144
113

13278
197

Positive

Number

2
1

5
4

0

0
0

0
0

0
0

0
0

7
5

0)
%

0.06
0.04

0.1
0.14

0

0
0

0
0

0
0

0
0

0.05



Table 5.2.1.5

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1981

AECL

Tritium
a-emitting actinides
3-emitters
Y-emitters
Miscellaneous

OTHER ORGANIZATIONS

Tritium
a-emitting actinides
6-emitters
Y-emitters
Uranium

TOTALS

SEPTEMBER

313
7
0
0
0

320

OCTOBER

324
0
0
0
0

NO SAMPLES

FROM 01

ORGANIZ/

324

NOVEMBER

356
0
0
0
0

RECEIVED
rHER
\TIONS

356

TOTALS

993
7
0
0
0

1000



Table 5.2.1.6

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1981 SUMMARY

(1980 December 01 to 1981 November 30)

AECL

Tritium
a-emitting actinides
B-emitters
Y-emitters
Uranium

OTHER ORGANIZATIONS

Tri t ium
a-emit t ing act in ides
B-emitters
Y-emitters
Uranium

TOTALS

1st Quarter

1252
0
0
0
0

0
0
0
0
7

1259

2nd Quarter

962
8
4
5

10

989

3rd Quarter

947
13

0
0
2

0
0
0
0
5

967

4th Quarter

993
7
0
0
0

1000

TOTALS

4154
28

4
5

12

0
0
0
0

12

4215



Table 5.2.1.7

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1981 October 01 - December 31

RIS
NRU
NRX
CHEM OPS
MECH SERV
EIP
WEP
LOOPS
ARD
HISC
TERM

TOTALS

% of Persons

0-49
mrem

53
31
38
8
35
29
1
1
6
4
3

209

63.7

50-99
mrem

11
43
0
5
12
4
0
0
0
1
0

76

23.2

100-199
mrem

2
16
0
6
2
0
0
0
0
0
0

26

7.9

NUMBER

200-299
mrem

0
0
0
7
0
0
0
0
0
0
0

7

2.1

OF TESTED

300-399
mrem

0
0
0
1
0
0
0
0
0
0
0

1

0.3

PERSONS IN

400-499
mrem

1
0
0
6
1
0
0
0
0
0
0

8

2.4

GIVEN DOSE RANGES

500-999
mrem

0
0
0
1
0
0
0
0
0
0
0

1

0.3

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

67
90
38
34
50
33
1
1
6
5
3

328

Total
mrem

2223
6182
313
6718
2227
770
0
2
6

133
54

18626

100

NOTES TO TABLE ABOVE

(1) Doses are estimated from t r i t i um concentrations in urine of individuals who liave submitted one or more samples,
and so represent tested personnel only.

(2) The method of dose estimation is described in AECL-5507.

(3) The numbers in the last column are those that actually resul t from the method of dose calculat ions, and are not
intended to represent a number of s igni f icant f igures.



Table 5.2.1.8

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1981

RIS
NRU
NRX
CHEM OPS
MECH SERV
EIP
WEP
LOOPS
ARD
MISC
TERM

TOTALS

% of Persons

NUMBER OF TESTED PERSONS IN GIVEN DOSE RANGES

0-49
mrem

50
9

45
9
50
22
13
2

30
16
37

283

51.7

50-99
mrem

17
15
0
2

11
6
3
0
0
3
5

62

11.3

100-199
mrem

16
22
2
6
17
17
1
1
1
3
6

92

16.8

200-299
mrem

6
28
1
5
7
1
0
0
0
0
1

49

9.0

300-399
mrem

3
16
0
0
3
0
0
0
0
1
0

23

4.2

400-499
mrem

0
10
0
3
1
0
0
0
0
0
0

14

2.6

500-999
mrem

1
4
0
13
1
0
0
0
0
0
0

19

3.5

1-3
rem

0
0
0
4
1
0
0
0
0
0
0

5

0.9

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

o
o
o
o
o
o
o
o
o
o
o

0

0.0

Tested
Persons

93
104
48
42
91
46
17
3

31
23
49

547

Total
fflrem

7608
23709
1123
17827
10586
3320
554
144
253
1037
1539

67701

100

NOTES TO TABLE ABOVE

(1) Doses are estimated from tritium concentrations in urine of Individuals who have submitted one or more samples,
and so represent tested personnel only.

(2) The method of dose estimation is described in AECL-5507.

(3) The numbers in the last column are those that actually result from the method of dose calculations, and are not
intended to represent a number of significant figures.



Table 5 . 3 . 1

IN VIVO MONITORING

1981 SEPTEMBER - NOVEMBER

NRU
NRX
E.I.& P.
R.& I.S.
Reactor Loops
Chemical Operations
W.E.& P.
Mechanical Services
Advance Engineering
Reactor Physics
Plant Design
Fuels and Materials
E.I.& C.
Chemistry and Materials
Health Sciences
Physics
Administration
Transportation
Technical Information
Environmental Samples

Whole Body Monitoring

Number*

14
10
5
15
2

56
4
16
2
1
3
26
6
3
6
4

47
48
1
8

No. Positive1}

1
2

1

4

1

1

Lung Monitoring

Number*

1
6

1

1

No. Positive2^

Other Monitoring

Number*

1

No. Positive3)

Clothing Monitoring

Number*

8
28

1

No. Positive1)

8
16

NOTES:

* Number - Number of people monitored in period
1) Greater than 10 nCit of isotopes emitting gamma rays above 100 keV.
2) Any measurable amount of alpha-emitting isotopes.
3) Any results that indicate a minor or greater contamination (i.e. > 10 nCit of 1 2 5 I , etc).

t 1 Ci = 37 GBq
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The only significant source of loss was found to be step 2. It is
possible to account for this in two ways:

1. Incomplete oxidation of technetium (Tc(vii) is only
coprecipitated by CuS).

2. A hold-back effect by the complex urine matrix.

These postulates were tested in the following ways. Firstly, reducing
the technetium with ferrous ions prior to the coprecipitation and,
secondly, by reducing the technetium prior to the oxidation and
coprecipitation. The first set of experiments showed that the
reduction caused severe losses in recovery (50%) but the second
series of experiments showed a smaller loss (15 - 20%). It would
appear that the main difficulty with the CuS coprecipitation is
a hold-back effect rather than an oxidation state effect.

5.4.3 Radium-226

The method for analysing Ra-226 in urine is being reviewed and
nears completion. The method is as follows. Radium is coprecipitated
from untreated urine by calcium phosphate. The precipitate is
dissolved in acid and the radium absorbed onto a bed of AG-50 cation
exchange resin. Alkaline earths and other cations are eluted with
1.5 mol/L HC1. Radium is then eluted with 5 mol/L HC1. This
solution is evaporated and the radium redissolved in a citrate buffer
solution. Radium is collected by a barium sulphate coprecipitation
and counted for alpha activity.

Preliminary results show that the method is satisfactory. It has
also been shown that some actinides do follow through the method;
it was previously assumed that they did not. Quantitative cross-
contamination results are still being obtained.

5.5 METABOLIC STUDIES

5.5.1 Carbon

The initial study of carbon-14 retention in rats (injected as
carbonate) is completed. The fraction retention in bone at 66 days
post-injection was found to be about 5 x 10"s. The specific activity
of carbon in muscle (including some fat) and liver was found to be
somewhat lower than that in bone, ranging from a factor of 20 lower
for liver to a factor of 1.5 for soft tissue. While these fractions
are small, they could add significantly to the dose to man from
inhaled llfC02, particularly since there was very little decrease
in retention in the last 36 days post-injection, indicating
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long-term retention. A new study (40 rats) to examine the retention
to times greater than one year has been initiated. A paper describing
this work, and some human studies being carried out by Ontario Hydro
is being prepared with D.J. Gorman and D. Whillans of Ontario Hydro
Central Safety Services.

5.5.2 Technetium

The study of technetium retention in rats is completed. If these
results are combined with long-term retention in man, the metabolic
model given in ICRP Publication 30, which does not include a long-term
thyroid retention component, will underestimate the committed effective
dose from "Tc significantly. Data analysis is nearing completion.
It is recommended that the dose conversion factor given in AECL-6540,
which contains the long-term thyroid component, continue to be used.
A report on this work is being prepared for presentation at the CRPA
Annual General Meeting in May 1982.

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY - J.R. Johnson

5.6.1 Revision of AECL-6540

Work is continuing on the improvement of metabolic and dosinetric
models that will be used to revise the dose conversion factors given
in AECL-6540. It is anticipated that the revised factors will be
available by March 1982, and a revision of AECL-6540 printed by mid 1982.

5.6.2 Alkaline Earth Elements

It was decided that a better understanding of the mechanisms
involved in bone growth and bone remodelling was required before the
available models describing actinide retention in man could be
evaluated properly. Correspondingly, the model developed earlier
to describe alkaline earth metabolism in adult man (Rad. Prot. Dos.,
1, 87, 1981) has been made age dependent and parameters that
describe this age dependence are being adjusted to fit the available
data. A paper describing this work was presented at the International
Conference on Radium and the Actinides in Man, Lake Geneva, WI, 1981
October 11-14.

5.6.3 Iod;.ie-129

A model to describe 1 2 9I distribution and concentration in the
environment following its release from the proposed waste disposal
site is being developed with D.M. Wuschke (WNRE). This model
extends Kocher's global iodine model (ORNL/NUREG-59) to include the
local and regional 1 2 9I distribution. The purpose of this model
development is to calculate average doses and collective dose
commitments on a local, regional and global scale.
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5.6.4 Modelling of HT Gas Metabolism - B.F. Peterman

The mathematical modelling of HT gas metabolism in humans is
nearing completion. A paper on the subject is being prepared.

5.7 PAPERS, REPORTS, PRESENTATIONS

5.7.1 Presentations

Johnson, J,R. and Leach, V.A. - "An Examination of the Relationship
Between WLM Exposure and Dose", Presented by J.R. Johnson at the
International Conference on Radiation Hazards in Mining: Control,
Measurement and Medical Aspects, Golden, Colorado, 1981 October 04-09.

Myers, D.K., Stewart, C.G. and Johnson, J.R. - "Review of Epidemiological
Studies on Hazards of Radon Daughters", Presented by D.K. Myers at
the International Conference on Radiation Hazards in Mining: Control,
Measurement and Medical Aspects, Golden, Colorado, 1981 October 04-09.

Johnson, J.R. - "An Age Dependent Model for Radium Metabolism in Man",
Presented at the International Conference on Radium and the Actinides,
Lake Geneva, Wisconsin, 1981 October 11-16.

Cowper, G., Johnson, J.R. and Marko, A.M. - "The New Dose Limitation
System and Dosimetry Practice at the Chalk River Nuclear Laboratories",
Presented by G. Cowper at the International Symposium on the Application
of the Dose Limitation System in Nuclear Fuel Cycle Facilities and
Other Radiation Practices, Madrid, Spain, 1981 October 19-23.

Kramer, G.H. and Joseph, S. - "The Optimization of the Analysis of
Chlorine-36 in Urine", Presented by G.H. Kramer at the 27th Annual
Bioassay, Analytical and Environmental Chemistry Conference, Santa Fe,
New Mexico, 1981 October 07-09.

Kramer, G.H. - "The Optimization of the Analysis of Nickel-63 in Urine",
Presented at the 27th Annual Bioassay, Analytical and Environmental
Chemistry Conference, Santa Fe, New Mexico, 1981 October 07-09.

Kramer, G.H. - "Problems in Developing Bioassay Methods", Presented at
the Workshop on Analytical Chemistry Related to Canada's Nuclear
Industry, St. Jovite, Quebec, 1981 October 19-21.
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6. MEDICAL BRANCH

by

D.W.S. Evans

6.1 STAFF

6.2 CLINIC PROCEDURES

6.2.1 Occupational Accident and Illness
6.2.2 Non-Occupational Accident and Illness

6.3 CLINIC VISITS BY WORK CATEGORIES

6.4 BREAKDOWN BY INTERNATIONAL CODE

6.5 MEDICAL EXAMINATIONS

6.6 NON-OCCUPATIONAL ABSENTEEISM

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department
6.7.2 Haematology
6.7.3 Urfne

6.8 TOTAL HOSPITAL PROCEDURES
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6.1 STAFF

Branch Head
Secretary
Professional
Nurses

Medical Technicians

O.W.S. Eva.is
V.A. Schizkoske
J.J. Meenan
A. Kinloch
J. Williams
M. Plattner
J. Shaw

6.2

6.2.1

CLINIC PROCEDURES

Occupational Accident and Illness

AECL
MaTe

Female

Others
Male

Female

Sept. Oct. Nov. Total

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

34
32
66

3
1
T
2

T
2
1

~3

23
19
42

2
1
~3

—H
i

.._
__
~

27
24
5T
1
__
T
—Ill

__

6.2.2 Non-Occupational Accident and I l lness

AECL
HaTe

Female

Others
Male

Female

- New Visits
- Revisits

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

Grand
Total

159

172

338
227
565

41
32
73

4
•t
1
5

1
4
5

318
241
559

49
28
77

6

T
3
6
T

303
225
528

59
22
8T

9

T
1
2
3

1652

231

20

17 1920
2092



6.3

6.4
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CLINIC VISITS BY WORK CATEGORIES

Sept. Let. Nov.
Staff P.R. Staff P.R. Staff P.R.

Health Sciences

Chemistry & Materials

Physics

Applied Research & Dev't.

Others
Crawl ey & McCracken,
Attached Staff, etc.

24

21

33

92
376

15

—

—

«

332

24

27

37

105
374

15

BREAKDOWN BY INTERNATIONAL CODE

Infective and parasitic diseases
Neoplasma
Allergic, endocrine system, metabolic

and nutritional diseases
Diseases of the blood and blood-forming

organs
Mental, psychoneurotic and personality

disorders
Diseases of the nervous system and

sense organs
Diseases of the circulatory system
Acute upper respiratory infections
Other respiratory Infections
Diseases of the digestive system
Menstrual disorders

Total

AECL
Chalk River Env. Auth.

Quality Assurance
Tech. Info. & Univ. Rel.
Administration

Finance
Commercial Operations

Operations
General Services
Maint. & Const.
Plant Design

3

39

31

133

19

12

301

1

32

33

115

32

2

273

— — — —

42 10

24 2

124 288

4

174

104

1234

--

~

--

307

Sept.

3
2

97

4

61

54
134
12
22

389

26

21

35

89
361

12

Oct.

1 
t 

CM
1 

1 
00

1

70

61
124
24
20

382

—-

—

—

300

Nov.

1
2
79

4

51

81
107
15
35
1

376

74

69

105

286
2050

42
2092

Grand
Total

4
4

258

9

182

196
365
51
77
1

lW
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6.4 BREAKDOWN BY INTERNATIONAL CODE (continued)

Sept. Oct. Nov.

Total brought forward

Grand
Total

1147

6.5

Other diseases of the genito-urinary
system

Complications of pregnancy
Diseases of the skin and cellular

tissue
Diseases of the bones and organs of
movement

Congenital malformations
Symptoms and ill-defined conditions
Fractures and dislocations
Sprains and strains
Lacerations, open and puncture wounds
Superficial injuries, contusions,
abrasions

Foreign body and other eye Injury
Burns
Effects of poisons, weather and related

conditions
All other accidents and violence
Radfoactive contamination with a wound
Radioactive contamination without a wound

8 17

MEDICAL EXAMINATIONS

AECL
Mali

Female

Initial
Repeat

Initial
Repeat

Initial
Repeat

Female - Initial
- Repeat

16
_9
25

9

"9

1
1

T

9

_L
10
3
_1
4

5

"5

42

46

no
5

53
25
43

10
3

12

3
360

58

16

136
9

40
13
29

1
5
1

I*3

33Z

1
49

19

117
8

58
9

27

CO
 

00 
1

11

3T3

1
149

81

363
22

151
47
99

14
16

1

41

3
1005

Sept. Oct. Nov.

9
4
13

4

T
4

2

T

Total

48

18

11

Grand
Total

80
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6.6 NON-OCCUPATIONAL ABSENTEEISM

Sept. Oct. Nov.
Male Female Male Female Male Female Total

6.7

6.7.1

Chalk River Env. Auth.

Quality Assurance
Tech. Info. & Univ. Rel
Administration

Finance
Commercial Operations

Operations
General Services
Maint. & Const.
Plant Design

Health Sciences

Chemistry 4 Materials

Physics

Applied Res. & Dev't.

LABORATORY PROCEDURES

X-Ray Department

AECL
Male - Routine

- Special

Female - Routine
- Special

Others
Male - Routine

- Special

Female - Routine
- Special

21

26% 38%
•

24 35

326% 68

36 18

41 20

54% 14%

193 51
701% 266

Sept.

25
30
55

5
5

1
T

—
25

32

251%

31

34

65

241%
680"

Oct.

20
36
56

7
7

1
1
2

3

48

60

85

13%

15%

16%

36%
278

Nov.

23
34
57

4
4*
"8

2
1
3

2

~2

—

71%

26

300%

47

63

88%

184
780%

T
1

48

53

85%

26

8%

24%

27
272%

otal

168

20

6

2

24

257%

230

1117

171%

182

263%

733
2978%

Grand
Total

196
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Total brought forward 196

6.7.2 Haematoi ogy

6.7.3

AECL
HaTe

Femal e

Others
Male

Female

Urine

AECL
MaTe

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

Sept.

81
36
117

16
11
27

—

—

Oct.

82
25

107

19
3

22

3

~3

1
__
"T

Nov.

94
27
12T
13
10
23

2

3
1
4

Total

345

72

5

5

Grand
Total

78
3
8T

16
1
IT

73
6
79

18
1

19

86
5

91

12
4
16

251

52

427

1
_

3
1
4 5

312
935
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6.8 TOTAL HOSPITAL PROCEDURES

Audiometric Tests
Blood Pressures
Clinic Procedures
Electrocardiograms
Laboratory Procedures
Medical Examinations
Respiratory Function Tests

Sept.

71
23
723
12
303
37
37

Oct.

68
72

696
8

299
19
55

Nov.

22
64
673
11
333
23
16

1206 T2T7 1142
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